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ALUMINUM MELTING 3} | 
AND DIE INTEGRATED..... 


With the touch of a button the operator releases the complete automatic cycle 
die closing, AJAXOMATIC pour, shot, cooling, die opening, ejection 

Simultaneously, the Duplex AJAXOMATIC melts batches of scrap and pig 
Weight, time and temperature of each automatic pour are closely controlled 


RESULTS ..,.. Higher production rate 


Uniform casting quality 


No molten metal handling 


No operator fatigue 
PRODUCTION _.,.. Up to 500 pounds per hour 
CASTING SIZE..,..'2 pound to 20 pounds 


Special units available for higher ratings) 


MAY WE STUDY YOUR REQUIREMENTS? 


Wheg U Patent Office 


AJAX ENGINEERING CORP., TRENTON 7, N. J. 


AJAX ELECTRO METALLURGICAL CORP.. and Associated Compames 
AJAX ELECTROTHERMIC CORP. ‘ ony 
v AJAX ELECTRIC CO 
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Published to provide @ continu 


ng. authoritative, and up-to 


dete record of technological 


engineering, and economic prog 
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The changeover to jet and gas turbine engines in aircraft has made alloys with high 
temperature stress-rupture properties essential. Rotor blades, such as depicted by cover 
artist Harry Brocke, are subjected to the highest temperatures. The utilization of nickel 
base alloys for these blades is now the subject of considerable research work, for a 
review turn to page 1445. The effect of meltina and casting atmospheres on such alloys 
is discussed on page 1450 
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PERSONNEL 


HE following employment items are made 

available to AIME members on a non 
profit basis by the Engineering Societies Per 
(Agency) operating in 
cooperation with the Four Founder Societies 
Local offices of the Personnel Service are at 
8W 40th St. New York 18, 100 Farnsworth 
Ave, Detroit, 57 Post St, San Francisco, 84 
E. Randolph St, Chicago |. Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 
in stamps for forwarding and returning appli 
The applicant agrees, if placed in a 
position by means of the Service, to pay the 
placement fee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $3.50 a quarter, $12 a 


sonnel Service, Inc 


cation 


year 


AVAILABLE——— 


Smelter Superintendent, degree in 
metallurgical engineering, 43. Seven 


teen years experience in all phases 
melting including super 
cottrell plant 


roasting re 


of copper 
vision of laboratory 
unloading 
verberatory converter 
blister, anode fire refined shape 
Will locate anywhere in U. S. M-153 


ampling 


casting of 


Technical Administrator, 1S. in 
mechanical engineering, 30. Seven 
year technical and administrative 
experience with manufacturer of 
nonferrous wire, research and 
velopment, production purcha 
personnel, report technical sale 
Prefer New York or New England 
M-154 


———POSITIONS OPEN—-— 


Tube Mill Engineer, 25 to 40, with 
industrial, metallurgical, or mechan 
experi 
operation re 
tube mill 


ical degree, five to six year 
ence in tube mill 
quired. Will 
department consisting of approx! 
mately 50 employee with equip 
ment consisting of draw benches 


upervise 


METALLURGICAL ENGINEERS 


Openine “iat tor Metall 


METALLURGIST Opening ov 


researc 


14M AIME 


New York 


LONG ESTABLISHED 
COMPANY 


© OPPORTUNITY FOR 
INDIVIDUAL GROWTH 


* LIBERAL BENEFITS 


ANEW DIVISION 
OF A PIONEER IN THE 
MANUFACTURE OF 


STEAM GENERATING 
EQUIPMENT 
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Additional classified advertis- 
} ing appears on pages 1424, i 
1426, and 1428. i 


ociated auxili 
ary equipment for production of 
Salary open. Lo 


tube reducer, and a 


aluminum tubing 
cation. East. W3942 
Engineers. a) Plant Metallurgist 
for proce deve lopment ina con 
trol. trouble shooting, et 


melting casting 


proce ‘ 
involved are 
truding, rolling, drawing 
bonding and powdered 


annealing 
bimetal 
metal sintering in both precious ana 
base metal Two to five years ex- 
perience desired but will consider a 
more mature man. b) Resear and 
Development Engineer 
cal, for work on preciou metal a 

loy for art and industrial use 

pecialty nonferrous base metal al 
loy electrical contact alloy pow 
dered metal product and brazing 
alloys and fluxes for joining a wide 
metal including 


metallurgi 


variety of base 
high temperature alloy Two to five 
years experience desired but will 
consider a more mature man. Lo 
cation, Connecticut. W3941 


Mill Methods Man or Metallurgi- 
cal Engineer, B.S. degree in metal 
lurgical or chemical engineering 
metallurgy. Will be responsibte for 
the establishment of the material 
operation 
processing standard and 
checks for the mill operating depart 


(Continued on page 1426) 


pecification, equence, 


quality 


Design and fabrication of fuel 
elements for naval 


Submit Resume to 
Keith D. Martin 


nuclear power 


COMBUSTION ENGINEERING 


REACTOR DEVELOPMENT DIVISION, WINDSOR, CONN. 


‘ 
nterest id development 
ee ica! Labora work im alloye netal powder and 
tory, Mill Production, and fe earch and carce metals ch as thorium and zir 
Development oa ynment Can place comurnr hould have either a | de 
yourng Metallurg Engineer 5 gree wed three yeor experience f an 
yeor experience Piort Bridgeville advanced degree. A respor e tion 
wither 5 mile downtown Pittsburg with a ng-range future tarting sal 
mad Tityu e nm heort f hunting and ary $4 higher m the 
fishing mitry nortr beautiful Nortr hore New England 
Pittsburgh Company a leading producer Write promptly giving deta of your 
alloy end complete resume indicating 
cation preterence to R Crissman fox 
Personnel Dept niversal Cyclops Steel 
Corporation, Bridgeville, Pa 29 West 39th St ee | 
e 
4 


Bell Laboratories’ Dr. J 


W. Fitzwilliam 


guicte feed to a parabolic dish reflector Dr 


adjusts a wave- 


Fitzwilliam new 


who has a Ph.D. in physics from Massachusetts Institute to operate 


The giant microwave highway that 
carries your TV programs along with 
telephone conversations from coast to 
coast has a versatile new partner an 
entirely new microwave system which 
now being de- 


was created, and is 


veloped, at Bell Laboratories. The new 
system operates at 11,000 megacycles 
—a much higher frequene y than ever 


before used in telephone service. 


Bell's present microwave systems — 
operating at 4000 megacyé les — were 


designed for heavy trafhe and long 


distances. The new system is designed 
ially for lighter traffic and shorter 


distances—up to 200 miles. Its traffic 


flexible. De- 


system 


extremely 
trafhe 


only one one 


capac ity is 
pending on needs, the 
can provide way or as 
many as three two-way broadband 
channels. Each two-way « hannel can 
carry 200 telephone conversations si- 


multaneously or one television pro- 


black 


each direction along:a route 


gram in color of and white in 


‘1 he new 


microwave system, which is already 


being operated experime ntally, will be 


valuable in providing additional tele- 
phone service and television programs 


for cities in remote areas. 


This is another example of how re- 


search and development work at Bell 


BELL TELEPHONE 


WORLD CENTER OF COMMUNICATION 


of Tec hnology, 
11 000 me 


practical development of Bell's 
had to be 


leads the 


system, ¢ developed 


ni 


in a frequency band not previously utilized 


Telephone Laboratories help the Bell 


Telephone System to serve you better 


Tillotson, who originated the new 


adjusts the ki 


Mr. L. ¢ 


system tron isolator comln 


nation % cn tem feasible 
Mr. Til from the Un 
of Mi: 


mirowaye 


ippl ‘a 


LABORATORIES 


RESEARCH AND DEVELOPMENT 
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Help develop the world’s first 
nuclear powered fleet 


Nuclear power offers tremendous advantage for 
naval vessels. From the fuel standpoint, cruising 
ranges are virtually unlimited even at new high 
speeds. No refueling facilities will be required to 
replenish nuclear propulsion fuel. Therefore, the 
physical design of the fleet can be streamlined for 
greater efficiency and safety. 

At the country’s largest design-engineering center 
for nuclear power reactors, Bettis Plant in Pittsburgh, 
operated for the Atomic Energy Commission by 
Weatinghouse, the application of nuclear power has 
progressed rapidly. However, the nuclear power 
plants already in operation today represent only the 
beginning of a new technological era. Major advances 
imo many areas are necessary 

These include: the development of fuel alloys; the 
development of clad alloys; fuel element development; 
and technical control of fuel elements and fuel and 
clad alloys. At Bettis you will have a choice of work- 
ing in either Basic or Applied Metallurgy. You may 
prefer to conduct basic research in areas like these: 
1) Solid phase transformation, 2) Corrosion kinetics 


and mechanisms, 3) Effect of irradiation on metals, 
4) Internal friction studies, 5) Study of equilibrium 
diagrams. 

To do this, Bettis Plant needs farsighted men. 
Regardless of your interest, you can choose a place 
in the varied operations at Bettis Plant. 

Atomic experience is not necessary. 

What’s more, Bettis Plant is in Pittsburgh’s 
South Hills. Here you can enjoy good living in 
pleasant suburbs near the plant, and still be conven- 
ient to one of the nation’s most progressive metro- 
politan areas. 

Educational opportunities are exceptional. West- 
inghouse helps you continue your studies at any one 
of three Pittsburgh universities. 


Write for descriptive brochure on 
opportunities in your field. Be sure 
to specify your interests. Address | 
Mr. A. M. Johnston, Westinghouse 
Bettis Plant, Dept. AS5, P.O. Box 1468, 
Pittsburgh 30, Pa. 


ODA) 


BETTIS PLANT 
Westinghouse 
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| METALLURGISTS... 


COKING COAL 


THESE ESTABLISHED LOW VOLATILE METALLURGICAL COALS 


CRAB ORCHARD 
LOUISVILLE 
TAMS 
WINDING GULF 


ARISTA 
LAMAR 
MacALPIN 
WEST GULF 


with over 12,000 tons per day production —— 40 years reserve tonnage, 


originating on the Chesapeake & Ohio, Norfolk & Western, and Virginian railways 


ARE DISTRIBUTED BY ONE EXCLUSIVE SALES AGENT 


SPRAGUE SON CO. 


Sales and Service from the offices listed below 


BOSTON 9, MASS. CHICAGO 4, ILL. CINCINNATI, OHIO CLEVELAND, OHIO 
10 Post Office Sq. 310 S. Michigan Ave. 822 Fed. Res. Bk. Bldg. 1610 Terminal Tower 
Tel.; Liberty 2-7807 Tel.: Harrison 7-8233 Tel.: Main 1-284] Tel.: Cherry 1-7771 


DETROIT 26, MICH. GRAND RAPIDS, MICH. INDIANAPOLIS 4, IND. NEWPORT NEWS, VA. 
1012 Ford Building 304 Bidg. & Loan Bidg. Merchants Bk. Bidg. Sprague Bldg. 
Tel.: Woodward 1-9671  Tel.: Glendale 8-3647 Tel.: Melrose 7-4553 Tel.: N. News 6-133] 


NEW YORK 4,N. Y. PORTSMOUTH, N. H. PROVIDENCE, R. |. RICHMOND, VA, 
17 Battery Place Gosling Rd., Box 478 1141 Hosp. Trust Bldg. Central Nat. Bk. Bidg. 
Tel.: Bow!l’g Gr'n 9-2170 Tel.: Geneva 6-4120 Tel.: Gaspee 1-8500 Tel.: Richmond 2-9066 


and C. H. SPRAGUE & SON (CANADA) LTD., 1478 St. Catherine Street West, MONTREAL 


Merchandisers of Quality Bituminous Coal since 1870 
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Engineer - Scientist 


NUCLEAR RADIATION 
STUDIES FOR 

APPLICATION TO 

ATOMIC FLIGHT 


Pap n Che stry. Physics 


This interest sition dis 
ting hed te if 
it t? tant ite 
finding will ple n the field of 
‘ powered flight 
The nea nd coordinatior 
ofa data relat e to the effect 
of iationr ter ndi 


ste not just creative thinking 
but goal-directed creative think 


It require n wetive interest in 
the tructure { mater nd 
liation effect t 10 
experience the tud 
f the f neut and 
“ea ' terle 
Publ thor f researc? site 
ivy thee ppropriate « fled of 
per terature ie staged 


Openings in Cincinnati, Ohio 
and Idaho Falls, idaho 


Address replies stating salary re 


puirementa to location you prefer 
Rossetot L. Munther 
O Boa 132 P Bon 535 
Cincinnati, O idaho falls, idaho 


GENERAL GD ELECTRIC 


Immediate Openings 


NATIONAL LEAD COMPANY, INC 
Winchester, Mass 

Excellent opportunities in research and 

process development of new and im 

proved methods for the recovery of 

uranium trom its ores 


MINERAL ENGINEERS 
EXTRACTIVE METALLURGISTS 
Background in hydrometallurgy, of 
mineral dressing, and related fields 


CHEMICAL ENGINEERS 
Background in solvent extraction help 
ful, duties include equipment design 
and development work 


PHYSICAL INORGANIC CHEMISTS 
Duties involve application of solvent 
extraction of ion exchange in process 
development work 


ANALYTICAL CHEMISTS 
Experience in imorganic analysis pre 
ferred, duties include routine imor 
ganic analysis and development of 
new analytical methods. Assianment 
depends on experience 


Location north of Boston, modern 
laboratory, relocation expenses poid 


Send resume to 
Personnel, P.O. Box 151 
NATIONAL LEAD COMPANY, INC 
Winchester, Mass 


Personnel Service 


(Continued from page 1422) 


ment. Will carry on experimental 
processing tests relative to cost re- 
duction, equipment utilization, tool, 
die, or roll life, lubrication, new al 
loys, ete. Salary open. Location Mid 
west. W3934 


Metals Industry Manager, eng) 
neering graduate, with extensive ex 
perience and knowledge of metal in 
dustry including cold and hot mill 
operation. Some ale experience 
desired Must be capable of and 
have appearance to work at the 
board of directors level in customer 
operation Experience with « apital 
equipment suppliers to metal indu 
try helpful. Will be responsible for 
the ucee of the ale effort to 
the metal industric Excellent op 
portunity for advancement. Salary 
$4,000 to $12,000 a year plus bonu 
W3900(a) 


Mill Superintendent, preferably 
metallurgist, to be responsible for 
the operation of a 3000 tpd mill us 
ing heavy media and Dutch State 


Cyclone separation and flotation; 


METALLURGIST Phy } for Re 

earch and Development Center in Sut 
' NM ne 

t he n ting re 

Met Re 

‘ te Miner 

( vv helt Avenue, Pr ) 

44 Wer 


— a word to a young 


metallurgist 


ere are no better ng range opportu 
nm the tield met today 
Tr tr expoar tly 
As the t for f living rise pe le 
et fe stee reat 
) t nor for tee nd for 
t ent 
re et ' t the mainstrearr 
t t nm the tee fustr a 
tott ex t off the mer he t 
tow « experie € lifying 
for ye sp the ider in tect 
work peratior manage 
ever pe in the Metal 
) eport t lant af 
Pitt rat A pa, Pa. tor met 
witt yeor exper 
ence egree n Metallurgy 
tr cer erce require 


Research and Development Dept 
JONES & LAUGHLIN 
STEEL CORPORATION 
3 Gateway Center 


Pittsburgh 30, Pennsylvania 
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will also be responsible for the com- 
plete maintenance of the facility 
Will supervise an assistant, a metal 
lurgist, and foremen in the depart 
ment. Location, Southwest. W3892 

Metallurgist, 30 to 35, degree, for 
a research and development division, 
with five or more years practical 
experience in the production of cast 
iron and cast and wrought nonfer! 
rous products, particularly alum) 
num and copper base knowledge of 
melting, alloying, casting, and other 
related processing operations as well 
as metallurgical quality require 
ments and testing procedures. Wil! 
conduct systematic and constructive 
investigations with various standard, 
modified, and new ferroalloys, alloy 
metals, and some special products in 
customer and prospective custome! 
plant Considerable travel. Salary, 
$6500 to $7200 a year, plus benefit 
company will compensate moving 
expenses. Location, Ohio. W3884 

Chemist or Chemical Engineer, 
B.S. or MLS., for research under ex- 
perienced Ph.D. on chemical corro 
ion, stre corrosion cracking, and 
related chemical-metallurgical prob 
lems including titanium base mate 
rials. Salary, $4200 to $6000 a year 
Company will pay one half of place 
ment fee when applicant reports for 
work; other half after six month 
will pay travel expenses and nego 
tiate moving expenses Location, 
Pennsylvania. W386] 


(Continued on page 1491) 


TECHNICAL SERVICE 
REPRESENTATIVE 


Top national company, major sup- 
plier to metals-producing indus- 
Iry, requires mature man with 
sules sense, capable of discussing 
technical matters with customer 
management, supervisory and op- 
erating personnel in the field, and 
possessing ability to handle tech- 
nical reports and correspondence. 
Attractive salary commensurate 
with experience and progress. 
Engineering degree or com- 
parable experience necessary. 
Knowledge of metal production 
processes, parti ularly electric are 
or blast furnaces, desirable, but 
not absolutely essential. 
Location New York City. Per- 
manent position for right man. 


Submit resume and personal data 


to Box K-I5M AIME 


= 
= 
or Metatlurgy 
| 
end your resume nm confidence, to 
J. A. Hill 


Are Vacuum Melted Alloys Your Answer? 


If your product must meet today’s high temper- 


ature requirements you will find the Utica Metals Utica can offer you properties 

Division can help you. Here an expert technical staff like these through Vacuum Melting 

is ready to service your needs and make available its 

production and testing facilities. High-temperature Corrosion resistance 
Extreme cleanliness 


For example, Urica will test-melt a sample of your Precise chemical control 
alloy to specifications on comparatively short notice Longer stress-rupture life 
Increased tensile strength 


for further evaluation. At Urica you'll find the metal- 
Increased ductility 


Better fatigue resistance 
Greater yield strength 
Greater impact resistance 
Greater creep properties 


lurgical skill and experience necessary to answer your 
questions about Vacuum Melting your alloys. 


Write in detail and remember to ask for your copy 


of “Vacuum Melting by Utica.” 


UTICA DROP FORGE AND TOOL CORPORATION. UTICA 4. NEW YORK 
Winee! Co Detr Mick 
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MAJOR REACTORS 


cr 
fivet Chicago Pile 


crs 
0,0 Research 


cre 
fast Breeder 

tori 


cre 
Sevannah design 


cre 
fast Breeder 

tor 


cr 


leotope 
Producer desian 


cr? 
Graphite Research 


Hantord design 


crs 
D,O Research 


‘we 
cr 

Bolling Power 


cre 
Argonne Package 


Argonaut teaching 
196 


ZERO POWER REACTORS 


Mart | Nautilus Savannah River 
— 
iV 
Fast Assembly Neutron Source 
1983 
zpr vi 
Melt fast’ Pile Fast Assembly 
vil 
Thermal Assembly 


EXPERIMENTS 
Boras! Boras tt 
satety pressured 

1903 ‘we 


Bore: Boras IV 
power tue! test 
1905 10 


Ingredients of Leadership 


...@ unique combination of basic, fundamental 
and applied research administration by 
scientists for scientists atmosphere and 
facilities conducive to creativity... a dedication 
to knowledge of interest and significance to the 


individual... 


. the best of academic and industrial research 
practices ... effective inter-disciplinary approach 
to major problems penchant for solving 


unsolvable research and engineering problems... 


. opportunity for unlimited professional growth 


and expression... minimum direction . . . equiva- 
lent salary recognition for the individual who 


does not assume administrative responsibilities... 


Now expanding our staff for the first time in a 
number of years. Scientists and engineers who 
hunger for intellectual and creative satisfactionare 
offered an extraordinary Opportunity to become 
associated with the challenge that is offered at... 


NATIONAL LABORATORY 


Professional Personnel Office 
P.O. Box 299 + Lemont, Illinois 


Rice . 
= 
4,0 Bolling 
parametric 


YOUR PROGRESS... 


factor! 


MILLING NIPPLE THREADS 


Finishing operations on GLC electrodes, anodes and 


mold stock are performed with the utmost precision. A strict 
system of gaging and inspection is required at this stage. 


The craftsmanlike spirit of our milling, machining and 
inspection personnel is a distinctive plus factor in the effici- 
ency of GLC carbon and graphite products. 


The high degree of integration between discoveries in 
our research laboratories, refinements in processing raw 


ELECTRODE materials, and improved manufacturing techniques is further 


assurance of excellent product performance. 
® 
Vv 
Great Lakes Carbon 
Great Lakes Carbon Corporation 
GRAPHITE ELECTRODES, ANODES, MOLDS ane sr ECIALTIES 


ADMINISTRATIVE OFFICE: 18 East 48th Street, New York 17, N.Y. PLANTS Niagara Falls, N. ¥., Morganton, N. C. OTHER OFFICES: Niagara Falls, N.Y., 
Oak Park, Ill., Pittsburgh, Pa. SALES AGENTS: J. B. Hayes Company, Birmingham, Ala., George O. O'Hara, Wilmington, Cal. SALES AGENTS IN OTHER 
COUNTRIES: Great Northern Carbon & Chemical Co., Ltd., Montreal, Canada; Great Eastern Carbon & Chemical Co., inc., ChiyodaKu, Tokyo, Japan 
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maximum life of linings . . 


ARBISON-WALKER 


CHROMEX B 


This is an exceedingly hard-fired chrome- 
magnesite refractory, widely used in many 
ferrous and non-ferrous metallurgical fur- 
naces. Properties of unusual merit are re- 
sistance to thermal shock, volume stability 
and high strength at high temperatures. 
Applications of particular importance are 
in copper converters and refining fur- 
naces, and open hearth steel furnaces. 


H-W MAGNESITE 


The standard hard burned magnesite brick for 
more than half a century now has a magnesia 
content exceeding by a considerable margin 
that of the conventional product of previous 
recent years. This excellent composition, = 
‘ gether with its high density and stability o 
METALKASE volume, account for the wide preference this 
In the form illustrated, this magnesite- : refractory continues to gain for use in 
chrome refractory is molded under great ; metallurgical furnaces. 
pressure and then enclosed in 22 gauge 
steel on all four contact sides. Maximum 
spalling resistance among basic refractories, 
is an important characteristic. METALKASE 
brick are made in various shapes, in- 
cluding those which are particu- ; 
larly adapted for suspended 
' extensive research and wide experience in the 
arches and wails. ’ use of ¢ refractories Harbison-W alker has developed the 
products especially suited for the most comprehensive 
of applications. More than a dozen different classes 
-W basic brick and several kinds of basic ramming 
al are available for every specific requirement. W orthy 
of special consideration among these are FORSTERITE— 
the mnguecees silicate refractory and H-W PERIKLASE— 
having the highest stabilized crystalline magnesia content. 


HARBISON-WALKER REFRACTORIES CO. 


AND SUBSIDIARIES GENERAL OFFICES: PITTSBURGH 22, PA. 


World's Largest Producer of Refractories 
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Co-anial leads are equipment in all NRC pour vacuum induction furnaces 


Four Reasons Why CO-AXIAL LEADS 


Engineer points i in NOC Model 7 5 50th. Vac Induct 


Should Be Used in Every 
Tilt-Pour VACUUM INDUCTION FURNACE 


NRC has built and operated more high vacuum fur- 
We've 


found that co-axial power and water leads pay for 


naces than any other organization in the world 


themselves many times over because: 


1. They reduce explosion hazards. ‘team 
and hydrogen explosions can result when a flexible lead 
fails and cooling water comes in contact with molten 
metal. Co-axial leads provide a positive water seal and 
resist burn-through caused by spattering or crucible 
failure 


2. They cut power loss. The inherent high 


frequency efficiency of a co-axial lead reduces voltage 


drop. Because a co-ax is shorter and of lower resistance 


NRC high vacuum products 
include: dehydrators, freeze 
driers, gas analyzers, 
impregnators, gauges, 
metallizers, pumps, valves, 


vacuum furnaces, 


CORPORATION 


than a flexible lead, its use can reduce power loss by 


as much as 50°; 


3. They increase productivity. cruci- 
ble changes can be made with a co-axial lead, Positive 
seals against water and air leaks assure rapid pump- 


down and prevent work spoilage. 


4. They're long-lived. We've never had to re- 
place a co-axial lead. That's because they're rugged, 
and don’t work-harden, the way other types do, from 
continued 


use. Impurities in the cooling water won't 


cause them to clog up either. And there’s no rubber to 


burn or wear out. 


NRC EQUIPMENT CORPORATION 
A Subsidiary of 
NATIONAL RESEARCH CORPORATION 


Dept 1810,Charlemont & 4s 71, Mam, 


Newton Mightor 
Please send NRC Vac nace BMetw 


Mave your representative call 


Name 


ompony 


Addrew 
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City Jane State 


Now ... Many Types and Sizes of Rolls in) = ing performance. Rolls shown were made 
ductile cast iron, Strong, tough and rigid, this by Aetna-Standard Engineering Co., Pitts 
iseful engineering material makes metal burgh, Pa., a leading producer of ductile 
working rolls resist wear and give outstand cast iron under the trade-name “Magaloy”. 


Ductile iron rolls give superior results 
...reduce breakage, redressing, rolling costs 


Many rolling mill operators say that bars, rods and billets. Because spe- 

reduced breakage is the chief ad cifically desired properties offered Ductile Cast tron wives you the 

vantage of ductile iron rolls separately by conventional roll mate- properties that improve metal 
Long service, without redressing, Tials ... are combined in ductile iron. working rolls 


in an equally important benefit, how And note this particular advan- 
tage! Ductile iron rolls possess su- 3. Toughness 

perior machinability as well. 4. Rigidity 

fine finish on the metal being worked 5. High Yield Strength 
Try ductile iron rolls. In your 6. Superior machinability 


own mills. See first-hand how well 


ever In addition, these rolls resist 


fire cracking They also prod ce a 


As a result, users get more ton- 
nage of quality rolled output... 
at low cost per ton rolled. 


De apite its high wear resiatance, 
they perform Send for a copy of ductile iron ia easy to machine. 

IRON, The Cast Iron THAT de 

fiy materiata for impre cme 

loday, ductile iron rolls are sav- CaN Be Bent!” It gives full details 


of products as we as process 
ing money for numerous mills roll about this economical material, so equipment 


ing skelp, plate, shapes, structurals, write for it now. 


ductile iron... the cast iron that can be twisted and bent 
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Nickel Supply Picture 
For some years defense requirements have continued to aggravate 
a difficult nickel supply situation. In, order to maintain civilian 
supplies and, at the same time, provide sufficient metal for de- 
fense, the U. S. government in 1952 reopened the World War II 
Nicaro, Cuba, nickel plant. It is now being operated for the gov- 
ernment by Nickel Processing Corp., a subsidiary of National 
Lead Co. In the fiscal year ending June 30th, the plant produced 
more than 31 million Ib, and with an additional investment of $43 
million, the capacity will reach 49 million |b in a few years. Nickel 
oxide from Nicaro is refined at the only commercial nickel refin 
ery in the U.S., the Crum Lynne, Pa., plant of National Lead Co., 
which commenced operation this June Incentive for expand 
ing nickel capacity has come from provisions for fast amortiza 
tion, as well as government contracts to purchase the metal at 
prevailing market and also premium prices, for companies ex 
panding production Freeport Sulphur Co. is studying a sul 
furic acid leach for laterite ores at Moa Bay, Cuba, which it plans 
to refine in the U. S. Bethlehem Steel Co. is also experimenting 
with leaching techniques on ores at Mayari, Cuba. National Lead 
Co. is attempting to recover nickel and cobalt from a complex sul 
fide ore at Fredericktown, Mo. And a silicate deposit at Riddle, 
Ore., is being developed by a M. A. Hanna Co. subsidiary The 
U.S. government has also concluded contracts with major Cana 
dian producers, but supplies are not yet adequate and additional 
premium price contracts are being pushed. By these means the 
U.S. hopes to increase nickel supplies from some 300 million Ib at 
present to 440 million lb by 1961 U.S. government purchases 
for the strategic stockpile of nickel, which has reached the half 
way mark of its objective, are being diverted this year on a greater 
scale than heretofore. In 1955 almost 30 million Ib were so di- 
verted, while during 1956 more than 74 million Ib are scheduled 
to be diverted to civilian purposes Thus, both the short and 
long range offer some slight hope of an improved nickel supply 


picture 


Low Nickel Stainless on Increase 
With stainless steels representing up to 25 pet of U.S. nickel con 
sumption, the development of a satisfactory low nickel stainless 
can be a partial solution to the dilemma of meeting increased de 
mand for austenitic stainless in the face of a continuing nickel 
shortage. The result of some 25 years’ research by Electro Metal 
lurgical Co., Div. of Union Carbide & Carbon Corp., and othe 
is the development of Cr-Ni-Mn stainless steels containing nitro 
gen, the new AISI types 201 and 202. Type 201, nominally com 
posed of 17 pet Cr, 4 pet Ni, 6 pet Mn, and a maximum of 0.25 pet 
N, is generally comparable in its physical and chemical properties 
to type 301, containing 7 pet Ni. Type 202, nominally composed of 
18 pet Cr, 5 pet Ni, 8 pet Mn, and a maximum of 0.25 pet N, is com 


parable to type 302, containing 9 pet Ni. Commercial production 


of the 200 series started in 1955, and during that year output was 


2000 tons. Some estimates place eventual use of these steels at 75 
pet of the applications now employing the high nickel types 301 


and 302 stainless steels 
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Incorporated within vacuum chamber is a rail-mounted ingot mold carriage, which passes through the vacuum lock, moves into position to receive the heat of 
processed metal and then carries it out on to the mold storage floor. Vertically-hinged door swings fully open, permitting unobstructed access to interior of furnace. 


The metals industry is profiting from 
the use of other STOKES production equipment 


Vacuum Metallizers. Scokes offer 


plete line of vacuum metall 
ment to plate metals for improve 
finish also to provide condu 


coatings on non-conductive 


Powder Metal Presses. Cost savings and 
the compacting of incompatible alloys 


ler metallurgy an accepted 


have made pow 
process. Stoke tiers the most complete 


line of presses in the industry. 


Vacuum Pumps. For rapid evacuation and 


holding high vacuu Stokes offers 
mechanical pumps, and Ring-Jet oul 
vapor diffusion and booster New 


design affords 10 to 100% greater speeds 


| 
Me 
i 
pulp 
rtace 
tive 


Stokes vacuum furnace 


installed by 


Allegheny Ludlum 


for high alloy steel melting 


Research studies with new unit will precede 


production operations on semi-continuous basis 


His new Stokes high-vacuum furnace was 
installed at the Watervliet, N. Y 
plant of Allegheny Ludlum Steel Corporation 
It is an important Component of the company 
new Induction Vacuum Department which, 
for the immediate future, will devote itself to 
various aspects of a development program on a 


wide variety of alloy steels 


Featuring a particularly compact and simplified 


design 


the unit permits the direct flow of 
materials through the chamber, eliminates the 
need for costly auxiliary equipment, and mint 
mizes the space required for operations, Con 
trols for vacuum pumping, charging, alloying 
melting, and casting are centralized and con 


veniently located 


Reference Data: 


Microvac Pumps—Catalog 750 

Diffusion and Booster Pumps 
Specification and Performance Data 

Story of the Ring-Jet Pump 

How to Care for Your Vacuum Pump 
Booklet 755 

Vacuum Furnaces—Catalog 790 

Vacuum Metallizing —Catalog 780 

Vacuum Calculator Slide Rule 

Powder Metall ingy To lay 

Powder Metal Presses—Catalog 810 


It you are planning to explore the interesting 
potential of modern vacuum metallurgy, plan, 
too, to take advantage of the undisputed 
leadership in equipment and experience which 
Stokes can apply to your problem. Prime sup 
plier of vacuum furnaces for production use, 
Stokes incorporates the features you need for 
simplified operation and dependable service 
With the Stokes vacuum lock, you can make 
muluple meles and manipulate the melt without 
breaking the vacuum. High capacity pumping 
systems, combining new Stokes Ring. Jet 
Booster Pumps and rugged Microvac roughing 
pumps, provide fast evacuation and dependable 


holding of desired vacuum 


A Stokes engineer will be glad to consult on 
your specific applicauon, help you select the 
most suitable of the many basic Stokes designs 
for your work, and engineer modifications to 
your special requirements For technical data, 
write for Stokes Catalog No. 790, “High 


Vacuum Furnaces.” 


Vacuum Purnace Division 
| 1 STOKES CORPORATION 
$524 Tabor Road, Philadelphia 20, Pa 
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new source 


The use of Columbium is now free of any restrictions and may be 
again employed as a valuable alloying material, recognized for improv- 
ing high temperature properties and increasing corrosion resistance. 

In announcing the addition of this product to its line of metallurgical 
alloying elements, the same reliable MCA technology is offered that has 
distinguished MCA molybdenum, tungsten, boron and rare earths . . . 
faithful uniformity in fulfilling specifications . . . deliveries to accurately 


anticipate Customer's requirements. 
Further, the sources of supply for the raw material are plentiful, and 


will continue to increase. 
MCA Ferrocolumbium is available in a variety of screen sizes to meet 
manufacturing requirements. It will pay you to investigate this new 


supply source, today. 


Grant Building CORPORATION OF AMERICA Pittsburgh 19, Pa. 


Offices: Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Soles Representatives Brumiey- Donaldson Co, Los Angeles, San Francisco 


Subudiery Cleveland Tungsten, inc, Cleveland 


Plants, Washington, Po., York, Po 
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for accurate analytic results 
use precision equipment 


Leitz DILATOMETER 


for accurate metal analysis 


Researchers consider dilatometric analysis the most sen 


sitive and reliable method for precise determination of 


the expansion coefficient of metals, alloys, etc. The 
DILATOMETER records volume changes in relation to its 


own temperature (absolute curve), yielding data from 


which the expansion coefficient may be determined 


Leitz METALLUX icroscope 


for easier, quicker metallography 


Metallography is easier with the METALLUX— unob 


structed upright stage, inclined eyepieces, unique quin 


tuple nosepiece, built-in light and low position controls 


for relaxed operation. Accessory equipment available 


for phase contrast, material testing and photography 


Leitz K PM microscope 


for precise coal petrography 


Engineered specifically for coal petrographic investiga 


tion, including examination by polarized or ordinary 


light, quantitotive analysis and microscopic measure 


ment. Fusain analysis readily accomplished by coal 


slide comparison eyepiece with revolving dit 


oeres 


4 &. LEITZ, incC., Dept. 10 

1 4686 Fourth Ave., New York 16, N.Y. 

! 


Please send me additional information on the 


DILATOMETER METALLUX [) KPM 


Nome 


Street — — 


City 


©. Leirz, inc., 4686 FOURTH AVENUE, NEW YORK 16, WN. Y. 
Distributors of the worid-famous products of Ernst Leitz, Wetziar, Germany 
LENSES - CAMERAS + MICROSCOPES + BINOCULARS 
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WORLD'S TALLEST MAN-MADE STRUCTURE. 100 
ft. higher than the antenna atop the Empire 
State Building, the 1572 ft. television tower 
of Station KWTA in Oklahoma City dramat 
ically illustrates the advantages obtainable 
with USS Man-TEN Steel in structures where 
both great strength and light weight are im 
perative 

USS Man-TEN Steel supplies the needed 
strength in the intermediate sections of the 
tower, 1050 ft. in all, where maximum diam 
eter mild rolled steel rounds were simply not 
strong enough to carry the load of the tower 
above 

In the topmost bays, mild steel although 
strong enough was replaced by lighter, smaller 
sections of USS MAn-TEN Steel to provide 
greater or equal strength while at the same 
time reducing wind resistance so that the 
structure will be safe in winds up to 150 mph. 


‘Cy 


RUGGED IS THE WORD. Used in the body liner 
lates and canopy guard of this 34-ton Rear 
Jump built by Euclid Division, General 
Motors Corporation, Cleveland, O., USS Tyrt 

TEN Steel provides 50°, greater strength, 

60°, greater toughness and three times the 
resistance to atmospheric corrosion of struc 

tural carbon steel. And what is of particular 
importance in equipment like this, that must 
be able to operate all year around, is Trt-TEN 

Steel's ability to withstand the shock and im 

pact of heavy, high speed loading even at 

sub-zero temperatures 


Y ke it bett 


with USS High Strength Steels 


USS HicH SrrenctuH Sree s, design engineers have 
at their command three service-tested steels that will 
permit them to materially increase the efficiency and 
economy of machinery, equipment and structures at 
little or no increase in first cost . .. and frequently, at a 
saving. 

All three of these famous “steels that do more” 
USS Cor-Ten, USS Man-Ten and USS Tri-Ten 
have a 50°), higher yield point than ordinary carbon 
steel. All have better corrosion resistance and offer 
greater resistance to wear, fatigue and impact. Each, 
however, has specific superior properties that should be 
considered in determining its selection. 

USS Cor-TEn Steel, for example, is distinguished by 
its superior resistance to atmospheric corrosion—4 to 6 
times that of carbon steel. USS MAN-TeEN Steel is in- 
tended for weight reduction by means of greater strength 
in moderate forming applications, with enhanced resist- 


ance to abrasion and atmospheric corrosion. USS Tri- 
TEN Steel's outstanding characteristics are excellent 
weldability and resistance to shock at low temperatures 

Used singly or in combination, these steels can ad 
vantageously replace carbon steel to increase the 
strength and durability of vital parts without increasing 
their weight. Or when the use of thinner sections is feas 
ible, they can (1) reduce equipment weight without re 
ducing its strength, or (2) increase the size and capacity 
of equipment without increasing total weight or the 
power required to move it 

You will find our 174-page “Design Manual for High 
Strength Steels” extremely useful in applying the bene 
fits of these steels to your product. Send for free copy 
simply write on your company letterhead to United 
States Steel Corporation, Room 5510, 525 William Penn 
Place, Pittsburgh 30, Pa 


HARD-WORKING FARM EQUIPMENT lasts longer, is more de 
pendable when built with USS Cor-Ten Steel. Here used 
in the main axle and tractor hitch frame of the famous John 
Deere No. 12-A Combine, USS Cor-TEen Steel gives these 
vital parts maximum strength, maximum toughness with no 
increase in weight and at the same time ensures high fatigue 
resistance—50°, greater than that of plain carbon steel 
Racking and twisting strains that could easily cause a break 
down are safely absorbed by Cor-TEN Steel's high endurance 
limit—and the equipment stays on the job 


UNITED STATES STEEL CORPORATION, PITTSBURGH - 
COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO. 


STRENGTH AND TOUGHNESS are prime ey wey in boom 


boats like this. Used by logging firms to buck logs in the saw 
mill pond to the log haul-up, these busy little vessels receive 
very rough treatment, are frequently squashed between the 
huge logs they handle. To ensure all the strength possible in 
the hull, sides and bottom are plated with Cor-TEn Steel, 
welded both inside and out. Cor-TEN Steel's greater abrasion 
resistance and its high resistance to corrosion also play an 
important part in prolonging life. (Built by the Ilwaco Boat 
Works, Ilwaco, Wash.) 


AMERICAW STEEL & WIRE DIVISION, CLEVELAND 
WATIOWAL TUBE DIVISION, PITTS#URGH 


TEMWESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. + UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


1956 


3 YEARS oF peRFORMAN 


USS MAN.-TEN 


UBITED STATES STELL EAPORT YORE 


& USS HIGH STRENGTH STEELS 


uss COR.TEN USS TRi-TEN 
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PRODUCTS 
INSTRUMENTATION FOR 
RESEARCH, MATERIALS 
CONTROL AND PRODUCTION 


K-ray Diffraction Equipment 
X-ray Diffractometers 

ray Spectrographs 

ray Thickness Plating Gouges 


x 

x 

X-ray Absorption Apparatus 
x 


ray Crystal Analysis Units 
X-ray Tubes and Rectifiers 


X-ray Cameras, Sample 
Spinners, Pole Figure Devices 
and Accessories 


Autrometer—24 Channel 
avtomatic Element Analyzer 


X-ray Custom Built Equipment 
for Special Applications 


Geiger, Proportional, 
Scintillation and Flow Type 
Detectors 


Electronic Circuits for 
High Speed Detectors 
with Pulse Height Anolyzers 


Decade Scolers and Ratemeters 
Electronic Timers 

Line Voltage Regulators 

Radio Compass Controls 
Electronic Testing Equipment 
Flame Photometers 

Electron Microscopes 

Electron Diffraction Equipment 
Emission Microscopes 

High Voltage Generators 


Contact Microradiographic 
Equipment 


Gas Liquetier 
Industrial X-ray Equipment 


Industrial Magnetic Particle 
Testing Equipment 


Industrial X-ray Fluoroscopes 


Industrial Image Intensifiers 
with Closed Circuit Television 
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NORELCO SPECTOGRAPHIC 


Now includes light as 


\-ray Spectrography provides non-destructive analytical data from the 
characteristic X-ray fluorescence related to the atomie properties of 
elements. This method produces dependable and reproducible results 
in a fraction of the time required by chemical and other means. The 
advantages of speed and accuracy of X-ray fluorescence over other 
means, are now even more important. New developments in routine 
detection techniques and instrumentation have extended the useful- 
ness of the X-ray Spectrograph to include elements of low atomic 
number—down through magnesium, (Atomic #12) for both qualita- 
tive and quantitative analyses. 


NEW INSTRUMENTATION 


For routine production analyses, several 
special specimen holders have been de- 
signed to facilitate placement of varied- 
shaped specimens in the X-ray path— 
thus speeding specimen preparation and 
analysis. 


ANALYSIS FOR ANY INDUSTRY... 
well as heavy metal fields 


Accurate determinations can be made from trace amounts to 100% 
of a given element —in a matter of minutes without necessity of film 
or plate standardization or processing techniques. The equipment is 
readily operated by laboratory personnel. 

Noreleo analytical instruments are available for many indus- 
tries, many diverse and complex fields. Perhaps your production 
difficulties can be greatly simplified. You are invited to visit our 
Application Laboratories or write today —our field engineers are 
available for consultation without obligation. 


BULK SPECIMEN HOUSING 


This spectrographie unit is designed for fluorescence analysis of 
large slugs or billets, with a minimum of surface preparation. The 
unit is ideal for production analysis, since sample size is not critical 
and preparation time is minimized. It will accommodate samples 
up to two inches in depth and ten inches square, 


THREE-SPECIMEN HOUSING 


Three openings facilitate repetitive 
loading and provide many practical ad- 
vantages. The unit is equipped with a 
rotating spinner to average out surface 
effects. Powder analysis is simplified, 
since mylar window presentation surface 
is on the underside of the sample holder. 
Gravity loading simplifies liquids analy- 
specimen surface is at constant 
height above X-ray beam. Resistance- 
heated holders are available for main- 
taining mean temperatures or liquefying 


SIs 


greases, etc. 


ie SPECIAL SPECIMEN HOUSINGS 


STANDARD SPECIMEN HOLDER 


The standard speetrographic unit is 
favored for research as well as indus- 
trial uses and can be applied to all 
investigations requiring diversified 


Numerous special spectrographic 
have been devised for repetitive presen. 
tation of finished or semi-fabricated parts 
in the X-ray path. For example, a special 


is designed to rendet specimen preparation techniques, 


hearing analyzer 
quantitative analysis of platings on ey lin- 
drical crankshaft bearings to an accuracy 


with an average check- 


of one percent 
ing time of ninety seconds. 


fr comple informilion 


INC. 


NORTH AMERICAN PHILIPS COMPANY, 
INSTRUMENTS DIVISION 
750 South Fulton Avenue, Mount Vernon, N. 1 
11-19 Bremtetifle Road, Leaside, Toronto 17, 


In Canada Rogers Majestic Electrons Lad Ontere 
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Aime Long-Range Planning 


In November 1955, Mr. J. H. Seaff, the 1955 
Chairman of the Metals Branch, appointed a 
committee of representatives from the Extractive 
Metallurgy, Institute of Metals, and [ron and 
Steel Divisions to draw up a set of new Bylaws 
for the Metals Branch. 
structed to develop a set of Bylaws that would 
conform to the dictates of the AIME Long-Range 
Planning under the chairmanship of Mr. Andrew 
Pletcher 

The Metals Branch task force met in New York 
1956, and conceived the basic frame 
work of the new Bylaws. A draft of the Bylaws 
was drawn up by Messrs. J. S. Smart, Jr and 
K. W. Shearman and mailed to all officers and 
executive committee members of the three divi 
sions of the Metals Branch prior to the AIME 
Annual Meeting. The new Bylaws were very 


thoroughly discussed at the regular Annual Meet 


The committee was in- 


on Jun 5 


ing and at a special meeting of the Metals Branch 
Council in New York in February 

With the very constructive suggestions of the 
officers of three Divisions, many worthwhile 
changes and additions have been made to the 
Bylaws. | think that a description of the latest 
draft of the Bylaws given on these two pages 
would be in order 

At the June 1956 Meeting of the Board of 
Directors two important decisions were reached: 

a) A special committee headed by Grover 

Holt was appointed to rewrite the By 
laws of the AIME 
The Metals 


Branches were instructed to make the 


Petroleum 


Mining, and 


necessary changes to the latest draft of 
their new Society Bylaws to conform to 
the new AIME Bylaws prepared by Mr. 
Holts Committee, and to submit the cor 
Society Bylaws to the AIME 
Board of Directors for approval 

It is hoped that the final draft of the Bylaws 
of the Metallurgical Society of AIME will be 
finished in time to be submitted to the AIME 
Board of Directors in November 1956 

A. W. THORNTON, Chairman, 

Metals Branch Council 


rected 
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Proposed 


Bylaws The 


Name 
This unit of the American Institute of Mining, Metal 
lurgic al and Petroleum Engineers Ine. shall be known 


as the Metallurgical Society of AIME 


Object 
The object of the Society is to promote the advance 
ment of metallurgical knowledge and the advancement 
of the metallurgical profession as a whole by 

a) Providing a medium for communication and co 
operation among those interested in all phases 
of theoretical and applied metallurgy, including 

those advancing, practicing, learning, or other 

wise primarily concerned with the science, eng) 
neering, economy, OF technology of the metals 

industry (both producers and consumers The 

major metallurgical fields encompass particularly 

the understanding and knowledge of metal be 

havior, the manufacturing practice for extract 

ing, refining, and fabricating metals, and the 
development and application of metals and their 

alloys 
b) Providing an organization to represent the met 
allurgists and metallurgical engineers on matters 
pertaiming to education 

¢) Dissemination of metallurgical knowledge by 
the holding of professional meetings, and by 
the preparation, presentation discussion, and 


publication of technical papers 


Encouraging and advancing education in the 


broad field of metallurgical science and engi 
neering 


Promoting high standards in the protession of 


metallurgical engineering 


Members 


Any member of AIME in good standing may become 
a member of the Society by indicating his choice in 


writing to AIME headquarters 


Funds 
Rules are given for the handling of funds by the 


Society and submission of an annual budget to AIME 


Meetings 


The Society shall meet at the same time and place as 
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Metallurgical Society Aime 


the Annual Mee ting of AIME and at such other times as 
may be determined by the Executive Council Implementation of Long-Range Planning 
for Institute Development 


Officers 


The officers of the Society shall consist of President 


Some appropriate sections from the report of 


the Study Committee for Implementation of the 


Vice-President, Past-President, and Secretary-Treasuret 
Long-Range Plan (as they apply to the proposed 


Tine Executive Council shall consist of the following 


Bylaws of the Societies of AIME) are given be 


rsons 


low For the full progress report of the Study 


own 
t) Presiden Committee see pages 1054 and 1055, Jounnat 
b Vice-President 


Past-President 


or Meraus, August 1956. The text of the Long 


Range Plan was given on pages S02 and 805 


d) Secretary-Treasuret 


JouRNAL OF Mevars, June 1956 


e Three re presentatives from each Division 


will be implemented 


The Society shall be represented on the Board of Branche 


Directors of AIME by six Directors as follows 


Past-President of the Society 

b) President of the Society 

c) Vice-President of the Society 

d) Three Directors, elected for a three-year term 
for 


sii be implemented 


three two, and one 


but initially one each 


vears 


be imple 


Divisions 


The Society shall consist of Divisions as establishe d by 


the Executive Council, and initially comprise Extractive 


Met dlurgy Institute of Metals, and Iron and Steel b rill be implemented 


Committees 


Standing Committees shall be 


i I inance Committes 


b Programs Comunittes 


‘ Publications Committes 

d) Member hip ¢ omunittes 

‘ Education Committee 

Nominating Comunittes 

vg) Committee on the Metallurgical Profession + 


implementation 


will depend 


Nominations and Elections 


A Nominating Committee shall consist of three mem 


bers from each Division, selected by each of the Division 


Nominating Committees The Pre ident ol the Society 


shall select one member to serve as Chairman 


The Nominating Committee shall designate nominees 4 


reiteration of the present 


for Vice-President the President-Elect of the Societys policy 
re pre sentative on the AINE toaurd ot Directors ind the 


President of the Institute every third year 
‘ 


President 


Amendments 


Continued on 1490 


tule ire viveti for anne nding the Bylaw 
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for stee/ or non-ferrous meta/s 


FIVE SPECIAL 
TITANIUM 


ALLOYS 


4 


Whatever your low-carbon titanium re- 


quirement, there's an ELectnomert titan 
ium alloy to suit your melting prac aa . 
tice. ELectnomet produces three standard ° 
grades of low-carbon ferrotitanium, each : 
grade containing a maximum of 0.10 per 
| 


cent carbon. Of special interest to pro 
ducers of high-quality forgings are the 
low aluminum and silicon contents of this 
alloy, which make E .ecrnomer ferroti 
tanium specially suited for the production 
of forgings having good mechanical prop 


erties 


ANALYSIS OF “ELECTROMET” LOW-CARBON FERROTITANIUM 
30% Titanium 50% Titanium 70% Titanium 
Grade Grade 


Aluminum 0.15% max | 0.15% max 0.15% max 


Titanium 27.32% 50.55% | 68.72% 
| 


Silicon 0.10% max 0.10% max 0.10% max 


Carbon 0.10% max 0.10% mox 0.10% max 


} 


Size 2 in. « Down 2 in. « Down 2 in. » Down 


ELECTROMET also produces a _ silicon 


titanium and a manganese-nickel-titan 


OTHER TITANIUM ALLOYS 


ium alloy. Silicon-titanium is available for 


, adding titanium to either non-ferrous 
Silicon-Titanium Manganese-Nickel-Titanium J 
alloys or steels where the simultaneous 


Titanium 40.50% Titanium 46.5-48 5% | addition of silicon is desired. Manganese 


Silicon 45.50% Manganese 68% nickel-titanium is available for adding 


ton 3.00% mox Nickel 29-31% titanium to nickel-base high-temperature 


alloys 


Aluminum 125-145% 
For additional information about 


Sizes: 2 in. 2 Down, Size: 2 in. x Down ELectTroMEt titanium alloys, please con 


Down, | tact the nearest E_ecrromet office listed 


20 Mesh « Down 
below. 


ELECTRO METALLURGICAL COMPANY 


A Division of Union Carbide and Carbon Corporation 
30 East 42nd Street (199 New York 17, N. Y. 
OFFICES: Birmingham + Chicago Cleveland Detroit 
Houston + Los Angeles « New York * Pittsburgh + San Francisco 
In Canada: Electro Metallurgical Company, 

Division of Union Carbide Canada Limited, Welland, Ontario 


The term “Electromet” is a registered trade-mark of Union Carbide and Carbon Corporation. 
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Present, 


Based on an Article by 
F. L. VerSnyder 


ICKEL base alloys for elevated temperature 
service can properly be dated from the inven- 

tion of Nichrome, in 1906.’ At that time A. L. Marsh 
patented the 80 pet Ni-20 pet Cr alloy, as well a 
other nickel-chromium alloys, for use as electrical 
The characteristics which most 
Nichrome for service were 
ductility and good oxidation resistance at 
of the order of 1100°C. Solid solution 
of nickel, chromium, and iron were also investigated 
Inconel (80 pet Ni, 
containing more 


resistance element 
commended resistor 
toughne 


temperature 


in the early part of the century 
15 pet Cr, 5 pet Fe), and other 
iron, were developed because of their lower compat 
A parallel development was the Hastelloy 
which, though primarily developed 


ative cost 
eries of alloys 
for their resistance to corrosion by hydrochloric acid 
were also being considered for their high tempera- 
ture characteristi« The Hastelloy are basically 
iron-nickel-molybdenum alloy 

The period 1936 to 1938 saw Pillings and Merica 
in this country, Chevenard”® in France, and Rosen- 
hain and others’ in England publish result 
ing the beneficial effect of titanium and aluminum 
on room and high temperature properties of nickel- 
chromium alloy Early patents concerned them 
elves primarily with room temperature propertie 
although some work did include 


indicat- 


and applications, 
high temperature creep test 

World War II marked the beginning of active de- 
uper-alloy 


velopment of alloys possessing out- 


tanding high temperature strength characteristic 
whose intended use required unusual static and dy 
nami trength at temperatures from 1200°F to 

FL. VERSNYDER is with the Metallurgy and Ceramics Research 
Dept. of the General Electric Co., Schenectady The paper was 
originally presented in July, 1955, at the summer session on “Be 
havior of Materials at Elevated Temperatures,” given at the Massa 


chusetts Institute of Technology, Cambridge, Mass 


and Future 


of High Temperature 


Nickel Base Alloys 


British effort resulted in the Nimonic Alloy 

which were studied intensively. A wide range of 
alloys wa studied in thi Early bucket 
alloys for jet engines were of the Hastelloy type, 
and later, these were replaced by cobalt base 5-816 
alloy.” Development of nickel base alloys was simul 
taneously carried on in this country, but it was not 
until after World War II that they came into promi- 
nence, Today, among the most promising alloys for 


1800 F 


country 


elevated temperature service are titanitum-aluminum 


precipitation-hardened nickel base alloy 


Chemical Composition 
Table I present 
important nickel base alloy 


chemical compositions of some 
Chromium is present 
in appreciable amounts in most alloy usually to 
caling resistance. In excess of about 20 
not add substantially to the seal 


adverse effects on 


promote 
pet, chromium do 
ing resistance and frequently ha 
the forgeability 
most alloys is in the range 
developed. Iron is usually 


consequently, chromium content of 
15-20 pet where maxi 
mum scaling resistance | 
present as a residual or tramp element and does not 
Cobalt 


and molybdenum may or may not be present, de 


ordinarily exceed 7 pet in this type of alloy 
Carbon in sig 
tho 
dependent on carbides for grain size inhibition 


pending on the nature of the alloy 


nificant amount 0.1-0.4 pet-—-is found in 
alloy 
or as precipitation hardener In other allo: it 
was found that carbon did not contribute to the 
trength or other desirable characteristi of the 
alloy. Titanium and aluminum are the principal pre 
cipitation promoting additions. Aluminum originally 
found its way into nickel base alloys more or Ik 
by accident. At first, it was either a natural impurit 
of the master-alloy additions or was added as a de 
oxidation agent during melting. Today, most nickel 


used for elevated temperature service 
with the trend 


base alloy 


contain both titanium and aluminum 
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Fig. |—Comparison of stress-rupture and fatigue properties NONE \ 
of nickel base alloys, air and vacuum melted NCONEL Ww \ \ } 
NIMONIC 60 y \ 
towards increasing these additions to the highest 10 Sw HASTE LLOY C T 
257 OA “252 4 
practical limit. A few alloys also have molybdenum Co-35-10Me WASP ALLOY | 
sent as 257-308 NCO 70C 
present as a strengthener Co ubime 500 
Melting and casting simple nickel base alloys is ee — 


alloys, particularly those containing titanium and 
aluminum, have caused several modifications in 
technique. Satisfactory results for complex composi- 
tions have been obtained with air melting, both in 


Fig. 3—Stress-rupture plot for various nickel base alloys 
Additional elements substitute for nickel in the composition 
Method of plotting is the Larson-Miller parameter 


induction and in are melting facilities. Are melting nium was the presence of undesirable inclusions, 
in air is extremely important in making sufficient identified as titanium nitride and carbonitride 
quantities of these alloys available. A problem spe- These inclusions, particularly when present as 
cifie to air melted nickel base alloys containing tita- chains or stringers, caused serious forging difficul- 


ties, and when present in clusters, affected the 
machinability. The difficulties were solved by using 
selected titanium master-alloy additions, observing 
special care in melting and pouring temperature 

and protecting the melt from the atmosphere during 


melting and casting. These practices lead to in- 
t creased titanium recovery and cleaner heats 

‘ It is expected that air meiting will be used for 

‘i producing nickel base alloys containing 2 to 3 pet 

¥ , titanium, but vacuum melting appears to be the only 

¥ practical method for producing alloys containing 

: more titanium. Considerable effort is currently be- 

ing spent on development of vacuum melting as a 

production technique.” Vacuum melting of nickel 

—— base alloys, even though they may be produced by 

air melting, has certain advantages; for example, 

7 rupture life of current bucket materials shows a 

rewenarume, °¢ measurable advantage for vacuum melted material, 

Fig. 2—Stress- rupture properties of nickel base alloys, as Fig. 1, and there is also a slight advantage in the 


compared to other materials. 1000 hour rupture value fatigue strength. However, evaluation of vacuum 


Table |. Typical Chemical Compositions of Nickel Base Alloys, wt pct 


Mo w Cb Tl Al Other 
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1200 400 600 
‘ 
Alley ‘ Ni Cr Ceo ee 
Nichrome 025 a 20 10 
Hastelloy A 010 “ 22 22 
Hastelloy B 010 “2 ‘2 " 4Va 
Hastelloy ¢ 0.10 17 5 6 
Inconel 004 ao 15 
Inconel W 004 75 15 5 046 7.0 
Inconel X 73 1S 09 6.5 
003 73 15 06 5 11 
Nit nic 75 012 74 20 4a 0 06 24 
Ni mie #0 74 20 10 0 
Nimontc @OA 74 20 0 
N ow 0.08 20 16 3 i4 
Nir nic 0 08 20 ia 5 16 0.5 
Hex 400 0098 74 19.2 1 oe 20 
Kaz 0.06 42 184 22 6 06 13 
INCO 700 010 46 15 20 10 0 10 
INGO 702 002 nO 15 5 10 0.35 
INCO 703 0.08 a0 10 26 4 295 040 
INGO 708 10 75 +75 
INCO 710 010 77 a25 io 7 145 040 
Multi-Alle 0.25 44.5 20.5 27 15 20 2 19 
Waspalloy 008 13 25 5 1.0 $5 
Hefractailoy 26 008 17 184 20 10 0.25 19 
P, Udimet 500 0.10 556 194 13.7 415 95 2.87 06 
Hastelloy K235 010 “a 14 1.5 5.5 0 15 8 65 
M 252 0.12 19 10 10 5 10 1.5 


melting has been on comparatively small heats—of 
the order of 600 Ibs—-so, it is not quite fair to com- 
pare these results to 10-ton air melted heats. Much of 
the data presented, which indicate superiority of 
vacuum melting, may well be due to size effect 

Many alloys discussed here are used in the 
wrought condition. Ingots of the alloy are usually 
rolled or forged to bar stock, then precision forged 
to the desired shape. Generally, alloys which re- 
spond to heat treatment are then solution annealed 
and aged prior to finishing operation 

Naturally, the critical nature of the alloys and 


] 
180 } 


NIMONIC 80 


STRESS X 1000 PS! 


20} 


i000 1500 2000 


TEMP °F 


0 ~ 500 


Fig. 4—Comparison of tensile properties of nickel base and 
cobalt base alloy, courtesy AISE 


their economic utilization indicate the desirability 
for a high recovery of bar stock from the original 
ingot. While with some alloy M252, forging 
or rolling techniques give a recovery of useable ba! 
tock from an ingot or billet of 50 to 60 pet, extru 
Since extru- 


uch a 


ion can increase recovery up to 90 pet 
ion facilitie 
this technique may be adopted to give high yield 


are currently available in many plant 


at high production rates. High temperature alloy 
are generally extruded using the French process of 
glass fiber insulation and lubrication.” This proce 


well a ubstantially length- 


life 


facilitates extrusion as 


ening die and container 


Mechanical Properties 
One of the most important characteristics of a 
high temperature structural material is it 
rupture strength. The relationship of thi 
of nickel base super alloys to other structural mate- 
rials is given in Fig. 2. Nickel base alloys are gen- 
erally considered for application in the range of 
1200-1500 F, while cobalt base alloys are 
omewhat beyond 1500 °F 
trong contenders fo: 
With increased de- 
expected 


property 


favored 
more for temperatures 
and molybdenum alloys are 
use at much higher temperature 
ve lopment of the ni kel base alloy it 1 
that the practical temperature will be 
raised. For example tre trength for a 
eries of nickel base alloys with increasing alloy 
presented in Fig. 3. It can be seen that 


ervice 


~rupture 


complexity 


particularly titanium and alumi- 
num, are added to the 80 pet Ni-20 pct Cr base, rup- 
ture strength for any time-temperature combina- 


as strengtheners 


tion is decidedly increased. There is some overlap 
in the properties of the nickel base alloys; however, 
it may be seen that the alloys (e.g. the International 
Nickel Co. 700 alloys) containing higher titanium 
and aluminum content definitely have higher rup- 
ture strength 

One of the most stringent applications of high 
temperature super-alloys is in the aircraft gas tur- 
bine bucket. An indication of the potential of nickel 
base alloys for elevated temperature service can be 
seen by examining properties of three alloys, two of 
which are nickel base The two nickel alloys 
chosen were Nimonic 80, of the titanium-aluminum 
precipitation hardening variety, and M252, which 
has a number of alloying elements and whose re- 
actions are complicated by the presence of carbides 
The other alloy, the cobalt-base S816, has been 
standard as a bucket material for the last six year 
Comparative properties are given in Figs. 4, 5, and 6 
Tensile strength of M252 is 
lower temperatures, but all three alloys converge in 
value at 1500°F, Fig. 4. While stress-rupture strength 
of M252 is superior at lower test temperatures—-1200- 
1500 F—the S816 alloy is more resistant to flow at 
temperatures above 1500°F, Fig. 5. In fatigue, both 
the cobalt-base S816 and the nickel base M252 
alloys have strength superior to Nimonic 80, M252 
having a slightly higher fatigue strength than S816 
hown in Fig. 6 


somewhat higher at 


at higher temperatures, as 

From the standpoint of high temperature proper- 
ties, it looks promising for nickel base alloys. How 
ever, it remains to be seen if large quantities of the 
more complex alloys can be produced as dependable 
engineering materials 


Alloying and Structure 
Properties of nickel base alloys are dependent on 


their structure; so, this should explain the mechani 
a u a 
HS 
50 
Hit 
oof 
BOT 
NIMONIC 
x 4 


A 22 26 44 42 


Fig 5—Comparison of stress-rupture properties of nickel 
base and a cobalt base alloy, courtesy AISE 
cal behavior of the alloys, e.g. the Nimonic type 
precipitation hardened primarily by nickel 
M252, whose re- 
more complicated. The Nimonic alloy 


which 1 
intermetallic compounds, and the 
actions are 
are low in carbon and have a simple microstruc 


ture. The M252 alloy has more carbon-—-0.15-0.20 wt 
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252 

160 | | 

140} 

80); 

20} 

RN, 

j 


pet-——and has cobalt and molybdenum as alloying 
clement 
The solid 
ing element 
fect of the 


variable a) 


olution hardening effect of some alloy- 

of interest here. The strengthening ef- 
olute atoms is a function of at least three 
lattice 


difference b) change in electronic configuration of 


train related to atomic ize 


olute addition, and 
olute in the 
olute for a 
trength- 
change in 


the solution resulting from the 
c) p ible short-range ordering of the 
olvent. The 
fixed lattice 
increment (e.g ) versu 
(Sa,). Such a relationship for 
olutions of titanium, aluminum, molybde 


trengthening effect of a 
train may be seen by plotting 
ening 
luttics 
dilute 
num and vanadium in an 80 wt pet nickel, 20 wt pet 


parameter 
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2 
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Fig & Comparison of high temperature fatigue strengths 
of nickel base and a cobalt base alloy, courtesy AISE 


given in Fig. 7. Both copper and 
exhibit similar linear relationship 


alloy content for dilute olu- 


chromium base | 
aluminum alloy 
of yield strength vy 
tions. It may been seen that increasing the amount 
of solute element yield strength. Titanium 
is the most potent solid solution hardener. On the 
basis of valency, 
aluminum might be expected to contribute more to 


INCTCUSES 
differences in atomu ize and 
olid solution hardening, but this does not appear to 
be the case. In general, the total effect of adding 
mall amounts of a number of solute may be ob 
tained by totaling the effect of each solute. However, 
there 1 mall amounts of 


a variety of 


evidence that additions of 
better than a cor- 
Effective 
solute 


olute ometinme 


responding total amount of a single solute 


ness of solutes generally become less at higher 
percentage 
Precipitation of a second phase or phases from a 
aturated solid solution usually causes a marked in 
crease in the trength of nickel base alloy The 
present in high temperature super alloys a 
trengtheners are usually intermetallic com- 
pounds or carbide In nickel base alloys both type 
the Nimonic alloys are representative 
former, and M252 is perhap 


strengthene! 


pha ‘ 
parti le 


are observed 
of the 
both types of particles as 


dependent on 
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If titanium, aluminum, or both are added to an 
80 wt pct nickel-20 wt pct chromium alloy, there are 
depend- 
Ni,Ti or 
diagrams 


that Ni, Ti 


two compounds which might be expected 
ing on the titanium to aluminum ratio 
Ni,Al. A consideration of the phase 
(Ni-Ti-Al; Ni-Cr-Al; Ni-Cr-Ti) indicates 
(» phase) takes practically no nickel, chromium, or 
aluminum into Ni,Al (y phase) di 
a considerable amount of these element e.g. up to 
three out of every five aluminum atoms could be re- 
placed by titanium 

To obtain maximum particle hardening effect, a 


olution olves 


precipitate which achieves coherency with the mat- 
rix is desirable. In this case both structures are close 
packed (HCP and FCC respectively), as is the ma- 
trix (FCC) of nickel base alloys. It would appear that 
the closest match between precipitant and matrix 
would be achieved in the case of the Ni,Al, where 
the precipitant is primarily an ordering of the solid 
olution. In view of solubility and coherency factor 
it would appear that the Ni,Al phase would be the 
particle hardener most likely to raise the useful 
ervice temperature of nickel-base alloy o, the 
titanium to aluminum ratio should be increased 
toward the end of the homogeneity range for the 
Ni,Al phase, and the sum of titanium and aluminum 
contents should be increased to the limits permitted 
by fabrication or processing 

The difference between the two alloy types can be 
illustrated by considering the miucrostructure 
Nimonic 80, when aged for 10 hr at 1700°F, would 
olution. On the 


imilarly aged 


appear to be a single phase solid 

other hand, the M252 alloy, when 
Fig. 8, contains a considerable amount of 
phase large spheroidal M,C carbides and 
boundary pre« Ipitation Upon aging at 1700 F for 50 
hr, a considerable amount of very fine precipitation 
takes place in the matrix, as shown in Fig. 8c. Con- 
idering the fact that the carbide forming element 

chromium and molybdenum, as well as the precipi- 
, titanium and aluminum, 
, complicated be- 


econdary 


tation promoting element 
are present in the M252 type alloy 
havior would be expected. At the lower molyb- 
denum contents, of the order of 2 to 3 wt pet and 
possibly up to 4 wt pet Mo, one of the principal pre- 
X-ray diffrac- 


tudie 


cipitating phases is the carbide M,C 
tion, electron diffraction, and miucroscopic 
have shown that this phase is instrumental in effect- 
ing the precipitation hardening observed by hard- 
ness and other mechanical property tests. As Mo 
content of this type alloy increases, the M,C, carbide 
is replaced by M,C carbide. It has not been shown 
that thi precipitation hardening. A 
molybdenum content is further increased, up to 11 
wt pet, one finds the presence of sigma phase. To 


date, of the kinetics of precipitation in M252 


carbide causes 


Fig. 7—Relation between increment in yield strength and 
change in lattice parameter for an 80 wt pct Ni-20 wt pct 
Co base, courtesy R. Guard 


| 
M252 
| 
‘ u OF 
| 
| 


Fig. 8—Microstructures of aged alloy M252. All specimens given a 1950°F, 4 hr, air cool, solution treatment, and then aged at 
1700°F, for a) 10 min, b) 10 hr, and c) 50 hr. All specimens air-cooled. Etchant: 92 pct HCI, 5 pct H.SO,, 3 pet HNO,. 500X 


type alloys have failed to reveal the important 
tructural features promoting the elevated tempera- 
ture trength and stability at high molybdenum 
contents 

A determined search for precipitation of titanium 
intermetallic compounds has been made in the M252 
Although various X-ray and electron 
been applied, no evi- 


type alloy 
diffraction techniques have 
dence has as yet been shown for the precipitation of 


I 
oO} 
Fig. 9—Microstructure illustrating intergranular oxide pene 
tration present in the surface of a nickel base alloy after 
forging. Etchant: 92 pct HCI, 5 pct H.SO,, 3 pet HNO, 500X 
phases such as Ni,Ti or Ni,Al.” This is by no mean 
conclusive evidence that these compounds are not 
it only in- 


present and active as particle hardenet 


dicates the elusiveness of these phases to present 
technique 

In general, studies of structural changes occurring 
in nickel base alloy age hardened with titanium 
and aluminun have been directed toward finding 
an alloy serviceable for gas turbine rotor blade 
rather than collection of fundamental data Col 
lection of this data has followed after the alloys were 
in production and had seen varying degrees of serv 
ice. It hoped that in the future this research will 


be carried out before rather than after the fact 


Special Problems—Manufacture 

pecial problems in the manufac- 
ture of turbine bucket 
considered when dealing with nickel base 
The first is the comparatively low recrystallization 
temperature of nickel base alloys, and the second 1 
the problem of intergranular oxidation of the alloy 


There are two 


alloy 


during variou tage of metallurgical processing 
Fig. 9. Subsequent service conditions may then bring 


which must generally be 


about: 1) reerystallization of a cold worked layer, 
obtained during finishing of the blade, thereby low 
ering high temperature resistance to deformation at 
initiated by the 
presence of intergranulat Fortunately, 
both problems can be solved by electromachining in 
the final stages of processing. This will remove the 
cold worked layer and any intergranular penetra 
tion which has resulted from the manufacturing 


process 


the surface; and 2) growth of crack 


oxidation 


Summary 

Nickel base super-alloys 
tremely bright future if they can be made into re 
liable engineering materials capable of being pro 
duced in production quantities. The trend towards 
higher titanium and aluminum is consistent with 
our knowledge that increasing amounts of solute 
improves creep resistance of a solvent, and 


appear to have an ex 


element 
that precipitation of a second phase, if it is adjusted 
properly, can increase the resistance to rupture. In 
applications where static and dynamic stresses are 
comparatively high, increased study of both present 
complicated alloys and utilization of fundamental 
work on simple systems should lead to a better un 
derstanding. When this ha 
higher useful service temperatures will be attained 


been accomplished, 
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In the past, improvement of heat-resistant 

cast alloys was dependent upen new composi- 
Effect of tions. By contrast, this work is directed to- 
ward determining the effect of melting and 
casting atmospheres on the properties of exist- 
ing nickel base alloys, particularly their rup- 
ture strength and elongation at elevated tem- 
Melting and Casting peratures. Increased strength was most pro- 

nounced in high-boren alloys of the Guy type. 
while improvement in ductility was apparent 


in all cases. 


Atmospheres on Cast Nickel Alloys 


Based on an Article by 
Pe C. M. Hammond and R. A. Flinn 


Preliminary Experiments 


jefore entering th 


of the alloy » de hed result 


Specimen Design 


tandard test bar 250 diam, 1 


or aluminum 


would contain excessive center-li 


the gage length. Fortunately, the 


tional solidification in the 


metal oxidation and gas 
ng meiting, it was questioned whether 


or not the published properties represented the true 


potential of these material It appeared important cient to produce radiographical! 


to have more knowledge of the effects of melting case Occasional center-line 


and casting atmosphere and other processing fine to affect the radiographs, 


riable ipon the room temperature and stress-ru 
ture properties of promising nickel base alloys 

A survey of the literature indicated that at pres- 
ent the Gu Inco 700,, and GMR 235° alloy types 
are the most promising; their properties and com- 


time t 


Fig. 1—Test bar cooling curves 


C M HAMMOND and R. A. FLINN are International Nickel a 
Research Fellow and Professor of Metallurgy, respectively, Univer Fig. 2—Air ond argon-protected melting equipment, show 
sity of Michigen, Ann Arbor, Mich ing mold clamping and rollover mechanism 
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| 
I 
Aras for better ervice at el vated tempera- pr itior are snowr r Table I \ tnree mate il 
tures have become essential as a result of the contal f lerable percentage f titaniul and 
itilization of gas-turbine engine in aircraft The aiuminum, Making meiting and casting atn here 
materials used are critical, since the rotor blades in significant in determining iltimate properti . 
hese engine are ibjected to high temperature 
and stresses. Initially. cobalt base alloy blade 
were used. but the cost of this metal has led to se principal phases of the ir 
development of nickel base alloy Research ha vestigation, it Was necessary to establish specimer 
been concentrated on variations in chemical anal- design, gating design, and pouring practice which 
y se correlated with change in tre ipture would produce properties similar t present pub- 
properties at 1500°F, and 
eloped contain titanium was feared that the present 
ynce these element are n. gage engtn 
difficulties throu ne shrinkage n 
olution durit degree of direc- 
lard bar was suffi 
sound bars in all 
was encountered 
é 3 
A 
\ 
? ‘i ad P 
Tet 


Fig. 3—Vacuum plus argon melting furnace, showing interior 
of vacuum shell with the induction furnace, mold, charging 
buckets, and dipper 


Cooling curves of Fig. 1 
100 F per in. at the time of solidification, which is 
the time that demand for feed metal is most im- 
portant 

Gating Design: A new gating system was de- 
igned because the majority of the present systems 
attempt to deliver molten metal at both ends of the 
vertically cast bar. This procedure results in the 
turbulent meeting of two streams of hot metal in 
the test bar and can lead to unpredictable drossing 
variations and variable thermal gradients during 
The principal reason for this type of 
gating i By contrast, it 
is generally agreed that a minimum of turbulence is 


gating 


olidification 
to avoid cold riser metal 
encountered with bottom The General 
Motors research group’ has developed a_ rather! 
elaborate design based on this principle. This mold 
till employs an auxiliary runnet 
With rapid bottom pour- 
considered 


design, however 
to avoid cold riser metal 
ing, a simple bottom gating system wa 
possible, and a suitable design was developed 

Fig. 1 indicates that ideal directional solidifica- 
tion with equal feeding from both ends of the test- 
bar is obtained with this new arrangement. Fur 
thermore, all bars have the same cooling rate be- 
cause of symmetrical arrangement about the down- 
prue 

Pouring Temperatures: GMR 235 was used as a 
model to evaluate pouring temperature effect 
indicated that the influence of 
tatistical study 
ample would be required; this work 1 
However, to allow the investiga- 


Preliminary test 
temperature was small and that a 
of a large 
now in propre 
tion to proceed to the more 
pouring temperature of 2850° +20°F was used for 


ignificant phases, a 


indicate a gradient of 


Table |. Properties and Nominal Compositions of Three Promising 


Cast Nickel Base Alloys 


Pet 

Elen 

100-Hr gation 
Rupture at 

Alley Strength, loo 
Type Psi Me Al Fe 


Compositions Pet 


Ti Ce Cb 


Gu 48-50,000 3-5 010 1 60 60 45 0.50 20 
*Inco 41-43,000 10 (010 10 10 5 20 24 
GMR 235° 38-40,000 6-10 0.15 5 525 30 100 20 0075 


operties from wrought specimens, solution treated 2160°F for 
nd air-cooled, aged at 1600°F for 4 hr and air-cooled 


Table Il. Pouring Temperatures of the Three Alloys 


Pouring 
Temperature, °F 


Superheat, 
or 


Alley Type Liquidus 


Guy ~2520 2800 
Inco 700 250 2800 
GMR 235 2520 2850 


GMR 235 in order to provide satisfactory fluidity 
and, at the same time, to insure good casting sur 
faces. Since it has been established that fluidity is 
a linear function of superheat above the liquidus, 
other alloys were poured at approximately the 
same degree of superheat as shown in Table II 
These temperatures were maintained for all three 
nickel base alloys throughout the investigation 
Further work to delineate the quantitative effect: 
of pouring temperature, as well as the influence of 
melting and superheating periods, is now in prog- 
ress 


Standard Procedures 

While substantial changes in mold design were 
considered important, a good commercial invest- 
ment practice was adopted as standard. Accord- 
ingly, wax patterns and an ethyl-silicate-base in- 
vestment were used 

Mold Preparation: This process consisted of mak- 
ing wax replicas of the desired final casting, as- 
sembling them on a wax gating system, dipcoating 
the replicas with a thin coating of fine silica slurry, 
enclosing the assembly in a flask, and finaly pouring 
in the investment material. To provide proper green 
trength for handling, the mold was allowed to set 
up at room temperature prior to dewaxing and firing 

Melting and Pouring: Melting and pouring of the 
experimental nickel base alloys was conducted un- 
der three atmospheric condition air, argon-pro 
tected, and vacuum plus argon. Melts were made of 
virgin metal noted in the text 

The crucible charges and order of additions were 
roughly the same for all three types of atmosphere: 
Nickel, chromium, cobalt, molybdenum, and _ iron 


except a 


Table tll. Chemical Analyses 


Alley Type 


008-02 


0 10-0.15 


20 

152-2 40 

1 84-2.40 
29 


27 14-305 
277-29 


012 


010 
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ey 7 
280 
270 
140 
i 
wee 
Cr Mo Al Fe Ceo Cb 
Gu 
Charged 13.5 7.0 7.0 45 060 is 
Wide Range 12. 83-15.35 442-5 87 433-731 0 26 0 48 
Narrow Range 13.08-15.35 4.42-5.87 50-6 80 464-604 037-0 46 
Charged 010 155 12 +5 05 20 
Wide Range 0.09-0.34 1479-15 89 2 10-3.32 132-34 017-099 140-33 
Nar w Kange 012-0. 1¢ 15.0 15 60 2.10-3.03 2 00-3 52 037-0 69 165-2 10 
GMR 2 45 
c? ged 15 +5 10¢ 2° 008 
Wide Range 0.15-0.27 15. 03-15 99 441-5.39 237-4 66 7.65-11.10 170-2 30 0 
Narrow Range 015-0.18 15 03-15 99 4431-5.39 402-3 88 654-1110 175-2.30 06 - 


Effect of Melting and Casting Atmospheres Upon Stress-Rupture Properties 
at 1500°F. 


Fig. 4—Guy alloy; wide range 
analysis. A second curve was 
drawn for one argon protected 
heat here and in Fig. 5, be 
cause a foreign white phase 
appeared in large amounts. See 
Fig. 10 


Fig. 5—Guy alloy, narrow range 
analysis 


Fig. 6—Inco 700 alloy; wide 
range analysis. See Figs. 11 
and 12 for corresponding mi 
crostructures 


Fig. 7—Inco 700 alloy; narrow 
range analysis 
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Fig. 8—GMR—235 alloy; wide 
analysis range. The difference 
in structure (Fig. 13) and 
properties is apparently due to 
the boron content 


Fig. 9—GMR—235 alloy; 
row range analysis 


were charged into the crucible. After melt down, 
other alloying elements were added in the following 
aluminum, carbon, titanium or columbium, 
and boron. Nickel squares were charged with the 
aluminum and titanium additions to curb their vio- 


ordet! 


lent exothermic reactions 

Temperatures for air and argon melting were 
measured by a Pt-10 pct Rh-Pt thermocouple en- 
closed by a fused-silica tube. Optical pyromete: 
measurements were used to follow temperatures in 
vacuum. Heating rates in air and argon were de- 
termined for each alloy at constant kilowatt input 
These rates were used to calculate the actual pour- 
ing temperature, since the thermocouple had to be 
removed to place the mold on the furnace. The time 
between the last temperature reading and pouring 
was exactly 2 min. Liquidus temperatures were de- 
termined for each alloy investigated 

Air Atmosphere: The roll-over induction furnace 
used both for air and for argon melting is shown in 
Fig 2. The mold was clamped on top of the furnace 


and the assembly rolled 180°. With air melting, the 
crucible was uncovered, allowing the melt to be 
exposed, When the heat was poured, the mold was 
clamped above the furnace and argon pressure was 
used in pouring. A pressure of 5 psig was applied 
after the mold had been rolled approximately 90 
of the 180° total 
Argon-Protected Atmosphere: 
followed in argon-protected melting as 
urface was covered 


The same pro- 
cedure wa 
in air melting, except the melt 
with a blanket of argon throughout the heat. The 
crucible was charged, covered with an asbestos ga 
ket and refractory brick, and flushed with argon 
A positive argon pressure was maintained within 
the crucible during melting. Argon pressure was 
again used for pouring 

Vacuum Plus Argon Atmosphere: The mold as- 
embly within the shell, the crucible, addition buck- 
ets and dipper are shown in Fig. 3. Pressure within 
the shell during actual melting was below 5 micron 
The crucible was charged, and the buckets were 


Fig. 10—Microstructures of cost Guy-type alloy; electrolytic etch, 5 pct HF, 10 pct glycerine, and 85 pct alcohol. a) general 
structure, air atmosphere, 100X; b) matrix structure—tine precipitate in matrix is Ni,(AITi)—air atmosphere, 1000X; c) unidenti 
tied white phase in low strength alloy produced in argon protected atmosphere, 500X 
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filled with alloy additions; the cover was closed, and 
drawn. At this point the power was 
applied to the crucible. After melt down, the heat 
was held for 20 min at approximately 2700°F to 
allow refining to take place. After refinement, alloy 


4 Vacuum wa 


additions were made 

Since a considerable decrease in mold tempera- 
ture would occur if the mold were placed in the 
hell at the outset of the heat, it was left 
firing furnace until after the alloy addition 


made. To melt from ait 


vacuum 
in the 
were protect the con- 
tamination while the mold wa 
introduced into the shell and the melting crucible 
After insertion of the mold 
applied, and the heat was 
heated to the pouring temperature 

required 20 to 30 minute 


inserted, argon wa 
covered another vac- 
uum wa remelted and 
The operation 
Argon was bled in dur- 
ingg pouring 

Even though the sprue temperature was appar- 
ently than 1200°F this period 
temperature was unknown. A cooling 
curve from a mold preheated at 1600°F showed that 
after 30 min the mold-cavity temperature dropped 
to 900° F. Cooling curves of molds heated at 1800°F 
indicated that 86 min were available before the 
mold-cavity temperature fell to 1600°F. To meet 
requirement, the kept 
Power was applied 
after the mold was inserted and the 
The vacuum was applied to the shell 
sure of 30 
pressure of one atmos- 


wreater after actual 


mold-cavity 


melt was 
introduction of argon 


this time liquid 
during 
immediately 
covel clo ed 
after the power was turned on, and a pre 
Argon 
applied during pouring, as in the pre- 
Two heats were made while using this 
and a mold temperature of 1600°F was 
attained at pouring, 8 min after mold withdrawal 
from the firing temperature of 1800°F 

Chemical Analyses: The chemical ranges of the 
elements and the percentages charged for the al- 


microns obtained 
phere wa 
viou case 


procedure 


Table IV. Effect of Atmosphere on Stress-Rupture Properties of 
Three Nickel Alloys at 1500°F 
Area 
Rupture Elen- Keduc- 
Rn. Ne Life, gation, tien, 
Stress, ur. Pet Pet 
Hefore After Ave Ave Ave Ave 
Alley Atmes- Test Test per per per per 
Types phere ing ing Heat Heat Heat Heat 
Giuy Argon a5 ‘1 15,000 520 20 20 
Argon 40 43,500 “62 15 5 
Argon “a4 17,000 92 2.0 10 
Argon 41,000 400 3 47 
17 0 15,000 513 5.3 7.3 
45 $4 46,300 72 20 25 
42 29 45,500 228 +5 60 
Vacuum 57,500 143.5 65 13.0 
Vacuum 589 000 752 70 11.0 
Vacuum 55.000 126.3 3 67 
Argon 42,500 172 20 2.0 
Argon 42.500 124.5 20 25 
Alr 40.000 117 10 40 
Alr 45.000 102 20 1.5 
GMR 295 Argon 20 $5,000 08 4 +7 10.0 
Argon 25 43,500 62 45 70 
Argor 12 “45 40.000 2248 go 14.5 
Argon 42 42,500 142 a5 11.0 
Al $5,000 11.0 15.0 
15 45.000 457 40 11.0 
42.500 77 85 
Alr $2 27 40,300 197.3 90 17.0 
Al 12.8 2.5 41,700 634 11.0 
Vacuun 10.5 45.000 72 19.0 220 
Vacuum 26 12 18,500 143 14.3 29.0 
Vacuum 42,500 116.3 150 26.5 
inco 700 Argon 14.5 45,000 441 40 40 
Argon 12.5 24 42,500 121 10 52 
Argon 20 44,000 153 17 54 
Argon “5 18.000 23483 10 a7 
Alr $33 $5,000 777 70 180 
0 42,00 7.33 27 4.0 
Alr 27 15.000 ay 2.7 3.3 
Vacuum 17 45,300 82 6 i22 25.7 


Pet elongation in 1 in. measured after fracture 
Pet reduction in area measured after fracture 
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Fig. 11—Microstructures of cast Inco 700-type alioy, etched 
same as in Fig. 10; a) general structure produced from argon 
protected atmosphere, 100X; b) detail of precipitate shown 
in (a), 500X 


loys are listed in Table III 
with Ti, Al, and B analyses. Several checks of these 
element were performed by the International 
Nickel Co.” The validity of the low Al, Ti, and B 
analyses was questioned, especially with the charged 
percentages listed. However, to check the effect of 
the analysis spread on the stress-rupture properties 
the narrow analysis range was obtained by remov- 
which greatly from nominal 


Difficulties arose early 


ing heats departed 
analyse 
Fig. 4, 6, and 8 contain all heats made for the 
three alloy types, and their wide 
listed in Table III. Figs. 5, 7, and 9 contain heat 
with the narrow analysis range, also listed in Table 


III. Composition variations were found to have little 


inalysi range 1 


effect upon 100-hr rupture strengths of the three 
alloys. Some small changes occur in the slopes of 
the stress-rupture lines 

Mechanical Testing: To evaluate the effect of 


melting and casting atmospheres upon ambient-and 
elevated-temperature properties the following 


were used as indices 


Ambient-Temperature Elevated-Temperature 


Properties Properties 

1) Tensile strength 1) Stress-rupture 
2) Yield strength (0.2 strengths at 

pet offset) varying rupture 
3) Re numbers times 
4) Pet elongation 2) Pet elongation 
5) Pet reduction of 3) Pet reduction of 

area area 
Before testing, each specimen was radiographed 
and visually inspected for any flaw and only 
those which were radiographically sound and which 
possessed good surface quality were submitted. The 


procedure for room-temperature testing 


general 


| 
4 ¢ 
4 
= 
i 
« * 


Fig. 12—Microstructures in Inco-700-type alloy after testing 
at 1500°F; etched as before; a) precipitation around primary 
precipitate after testing, typical of air and argon protected 
atmospheres, 500X; b) structure from vacuum plus argon 
protected heat, 500X 


applied hydrau 

were recorded 
extensometer system. Stress- 
conducted as follow 1) three 
were tied to the specimen 


follows: 1) the load wa 
and 2) strain measurement 


Was as 
lically 
by a Martens-type 
rupture testing wa 
covered thermocouple 
along its gage length; 2) the specimen was placed 
in a cold furnace and brought to temperature at no 
load; and 3) the specimen was loaded when the 
temperature distribution along the gage length wa 
within +5 F, at 1500°F 
Metallography: All metallographic 
were taken transversely from the center of the gage 
length. Electrolytic etching was performed in a 
olution composed of 5 pet HF, 10 pet glycerine, and 
85 pet absolute alcohol. Vacuum-fusion analyses of 
representative heats of the three alloys melted and 
cast under the three atmospheres were performed 
with the Research Vacuum-Fusion Ap- 
paratus at the University of Michigan 
were determined 


specimen 


National 


Nitrogen 


hydrogen, and oxygen content 


Data and Discussion of Results 

The effects of melting and casting atmosphere 
the properti of the Inco-700 and 
GMR-235 types of alloys are illustrated in Figs. 4-9 
and Table IV. In the which follow, the Di 


cussion covers only the elevated-temperature prop 


upon Guy, 


ection 
because of their importance in design varia- 


Ambient-temperature prop 
were examined, and no atmo 


ertie 
tion with atmosphere 
erties for all alloy 
phere effect was evident 

Guy-Type Alloy: In the case of the Guy-type, the 
trength level 
vacuum and argon melt 
drawn 


elevated-temperature elongation and 
ised considerably by 

in Table V A 
protected heat in Fig 4 and 5, be- 


amount f a foreign phase appeared in 


ng, as shown eparate curve 
for the 


Cause 


Fig. 13—Microstructures of GMR.235-type alloy, etched as 
before; a) general structure cast from argon protected at 
mosphere, clusters of inclusions are TiN plus TiC; eutectic 
is Ni-B-C, 100X, b) detail of matrix, inclusion cluster and 
eutectic shown in (a); precipitate in matrix is Ni,(AITi); 


1000x 


the microstructure. This foreign white phase is illus 
trated in Fig. 10c, and minor 


In general, these heat 


amounts were also 


observed in some other heat 
rupture properties below average for 
melting condition A 


correlation 


exhibit stre 
thei 
analyses dos not 


urvey of the 
indicate any with 
Apparently, the appearance 
high-temperature 


pecific 


chemical composition 
of thi 
trength 
No optical microstructural changes are evident in 
to ¢ x plain the 


phase is undesirable for 


the vacuum and argon melted heat 

trength or 
hown in Fig. 10a. General 

hown 


rupture elongation. The 
alloy 1 


throughout the matrix, a 


increase in 
tructure of thi 
precipitation occu! 
in Fig. 10b 
Inco-700-Type Alloy: Effect of 
upon elevated temperature properties of thi 
6 and 7 and Table IV. Vacuum 


melting atmo 
phere 
alloy 
and argon melting and casting atmospheres exert a 
effect upon elevated-temperature duc 
tility and improve strength hown in 


Table V 


hown in Fig 


ignificant 
omewhat a 


Table V. Effect of Melting and Casting Atmospheres Upon 100-Hr 
Rupture Strength and Elongation of the Three Alloys at 1500°F 
Vet 


at 
Kuptare 


Hr Rapture 
Atmosphere Strength, pel 
Guy 
42.000 
41 000 


6.000 


Inco 700 

17,000 
42,000 
42.000 


GME 
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Arg 1-3 
Air 2-4 
Argon-{ tected 
Vacuur 2! 
41.000 4.9 
are protected 41.000 1-7 


Table VI 


Meiting and 
Casting 


Alley Type Atmosphere 


Argon -protected 

R-115 Vacuum argon 

H-160 Vacuun argon 

n-176 Vacuum + argon 
Ineo. 700 K-95 Alr 

H-117 Argon -protected 

n-109 Vacuun argor 
GOMK 245 K-120 Alr 

K-99 Argon-protected 

H.108 Vacuum argon 


Vacuum argon 


Oxyaen was 0.000%-0 02 pet and hy 
role of dross in the case of oxygen and the role of 


Vacuum-Fusion Analyses for Nitrogen 


drogen 0.00008-0 0004 pct at 1850 *« 
sample storage time 


Crucible Temp Pet N 


at [450°C Pet of 
minus 450°C N 
Pet N Evolved 


at at 1550°C 


0.0154 


0 0442 
0 0098 


0.0010 0.0021 0.0011 2 
0 0029 
0 0036 
0.0108 
0 0045 090119 0 0068 
0 0010 0.0018 0 0008 +4 
0 0043 0.0258 0.0215 B33 
0 0053 
0 0006 06 0025 0 0019 76 


0.0041 


ned. The 


No consistent variation with type of meiting was obtai 


the case of hydrogen can seriously affect the results 


Optical microstructural examinations give no 
clues to the reasons for strength or ductility varia- 
tions with melting and casting atmospheres. The 
cast microstructure of the Inco-700 type is shown 
in Fig. lla. Fig. llb shows in detail the primary 
precipitate. This precipitate is probably chromium 
carbide with dissolved molybdenum and titanium 

Fig. 12a shows the structure of this alloy afte 
testing at 1500°F. This precipitation around exist- 
ing phases is typical of all air and argon heats. Fig 
12b shows the structure of the vacuum and argon 
melted Inco-700-type alloy after testing. A radical 
change has occurred as a result of testing 

GMR-235-Type Alloy: Elongation at 1500°F is 
trongly affected by melting and casting atmos- 
pheres, as indicated in Tables IV and V and in Figs 
and ¥ 

Examination using the light microscope does not 
explain variation Fig. 13a shows general micro- 


Table Vil. Summary of Stress-Rupture Properties of the Three Alloys 


This Investigation 


Published Argon Vacuum 
Alley Type Properties Alr Protected + Argon 
rupture 
strength, pai 49.000 42.000 41.000 56,000 
Pet elongation 
100 2-5 1-3 7-10 
Ince 100 
rupture 
strength, pai *45,000" 17,000 43,000 42,000 
Pet elongation 
100 10° 2-4 21 
GOMER 
100-he rupture 
strength, pei 17-40, 000 41.000 41.000 42,000 
Pet elongation 
100 hie 6-10 6.9 1-7 14-19 


* Solution treated and aged 


tructure of this alloy. Inclusion clusters are evi- 
dent. At higher magnifications, Fig. 13b, some of 
the primary precipitate appears as a eutectic. Gen- 
eral precipitation within the matrix is obvious in 


this figure 

The eutectic is apparently Ni-B or Ni-B-C, since 
in the Inco-700-type alloy, which has similar chem- 
istry except for boron, no eutectic appears. A simi- 
lar eutectic also appears in boron steels. Inclusion 
clusters are titanium carbonitrides In Fig. 13b, 
general precipitation is evident in the matrix. This 
phase is Ni,( 

Vacuum-Fusion Analyses—Nitrogen Effect: Vac- 
uum and argon melting and casting decrease the 
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amount of nitrogen in the metal compared with air 
or argon-protected atmospheres, as shown in Table 
VI. Apparently, nitrogen may be involved in ex- 
plaining the marked increases in elongation and 
strength at 1500°F. Since 1850°C is necessary to 
decompose TiN or CDN, the difference between the 
1850° and 1550°C analyses may indicate the nitro- 
gen combined in this manner. It is interesting to 
note that the ratio of nitrogen evolved at 1550°C to 
that evolved at 1850°C is comparable for all atmos- 
pheres. Work is in progress to investigate the effect 
of nitrogen additions to vacuum-melted material 

The vacuum-fusion analyses for Inco-700-type 
alloys in Table VI show that vacuum and argon 
melting produces the lowest nitrogen content 

The vacuum-fusion analyses for the GMR-235- 
type alloy indicate that the increase in elongation 
at 1500°F by vacuum and argon melting could re- 
sult from differences in gas content 


Conclusions 
A summary of experimental results is presented 


in Table VII. In all three alloy types, melting under 
vacuum and casting under argon atmospheres im- 
proves ductility two to tenfold under stress-rupture 
test conditions at 1500 °F 

Stress-rupture strength at 1500°F is improved in 
the Guy-type alloy by 38 pct and in the Inco-700 
type by 13 pct with the argon and vacuum melting 
technique compared with air melting. No change 
occurs in the GMR-235 type 

rhe air-melted and argon-protected heats con- 
tain from five to ten times the nitrogen of the 
vacuum and argon heats 


This work was supported through contract with 
the Bureau of Aeronautics and through the Inter- 
national Nickel Co. Inc 
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The gas sampling probe, mounted horizontally in the furnace downtake, is a water 
jacketed assembly of concentric stainless steel pipes. Continuous washing of the open 
end prevents clogging by dirt and slag. A portion of the spray water is drawn bock 
between the pipes and is separated out, along with dirt and acid, in a centrifugal 
seporator 


Magnetic Analyzer 
Gives Better O, Samples 
From Open Hearths 


A magnetic oxygen analyzer, developed by the Leeds & Northrup Co 
of Philadelphia, promises to give continuous and automatic monitor- 
ing of O, in open hearth furnaces. Based on the strongly paramagnetic 
nature of oxygen, the analyzer eliminates auxiliary gas tanks, chemi- 
cal reactions, and combustion. It is completely contained in the two 
units shown at the right. The sampling equipment, also designed by 
L&N, assures a thoroughly scrubbed, acid-free sample which keeps 
maintenance low by eliminating plugging and corrosion of the sample 
line 


Speedomar 


Cas In 


Magnetically Influenced 
Messurng Element 


Reference 
Element 


Diffusion 
of Gas Into 
Both Cells 


f,a8 Out 


Above—Schematic diagram showing arrangement of the oxygen 
analyzer system for open hearth furnaces 


Left—Schematic diagram of the analyzer. A hot wire is suspended 
in a magnetic field, and when paramagnetic oxygen passes through, 
a convection current is set up which cools the wire. The strength 
of this current, the temperature of the wire, and hence the resis 
tance of the wire, all depend on the amount of O, passing through 
the field. This is measured and the device records directly in pct 
O,. Other variables, such as changes in barometric or static pres 
sure, are cancelled out by zeroing with the reference cell at the left 
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America and the 


European Coal 


and 
Steel Community 


HEN, after long months of negotiation and 
parliamentary debate, the European Coal and 
Steel Community (ECSC) came into operation in 
1952, there was still doubt in many quarters that the 
European common market for coal and steel could 
become a working reality. Now, four years later, 
with many of the initial problems solved and with 
the raw materials of European heavy industry mov- 
ing freely across once insurmountable trade bar- 
riers, the skeptics are fewer, but many problems 
still remain to be solved within the bounds of the 
Treaty. However, without an extension of the ECSC 
Treaty into the field 
transport, and energy, the market cannot complete- 
ly operate as does the steel market of the U.S 
The ECSC is second only to the U. S. in steel out- 
put. The 1955 ingot production, 52.6 million metric 
tons, wa compared with 
a 25 pet expansion in U. S. production. Furthermore, 


of monetary and fiscal policy, 


26 pet more than 1952, a 
production in 1956 is expected to reach 57 million 
metric tons 


Increased Flow of Steel Products Across 
National Boundaries 

Probably the best test of the success of the Euro- 
pean steel market is the movement of steel products 
across the boundaries of the six countries which 
make up the Community Thi trade, which 
amounted to 2.1 million metric tons in 1952, has ex- 
panded every year since then and reached 5.7 mil- 
in 1955, an increase of 170 pet! The 
only some 5 pet of 


lion metric ton 
1952 inter-community trade wa 
community production, while the 1955 trade was 
almost 11 pet of ECSC production. The outstanding 
point in this trend in trade is the increase in deliv- 
eries by works in Belgium, Luxembourg, France, 
and the Saar to Western Germany 


Relative Price Stability 

The competitive forces unleashed by the creation 
of the European steel market have had a restraining 
effect on previously widely fluctuating prices in the 
national markets. There has been a general stability 
despite the growing tension between supply and de- 
mand. Prices charged for basic bessemer steels at 
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WEST. 


GERMANY 


the end of March 1956 were, on the whole, much the 
same as those charged when the ECSC came into 
being. The prices for open-hearth grad largely 
due to higher scrap costs, have increased to a greate 
extent, but generally less than during previou 
periods of heavy steel demand 


Coal Demand and Inelastic Supply, A Problem 
Increased demands of the steel industry continue 
to create a strain on the efforts of the Community 
coal producers to expand production. While coal 
output has slowly been on the rise, it rarely has 
matched the demands for coke by ever-hungry blast 
furnaces. From 1952 to 1955, hard-coal extraction 
in the ECSC was extended from 238.9 million metric 
tons to 246.4 million. metric tons, almost all of this 
increase being in Germany and the Saar. During 
this same period, output per man shift in under- 
ground mines increased from 1,389 kg to 1,502 kg 
This is a reflection of a heavy investment in the coal 
mining industry, amounting during these years to 
roughly $0.50 per metric ton of coal extracted. The 
discrepancy between productivity and 
production is primarily accounted for by the de- 
, particu- 
than 


Losses 


increased 


creasing number of underground worke1 
larly in the Ruhr where collieries lost more 
10,000 between March and September 1955 
in manpower are estimated to have cost the Com- 
munity some 5 million tons of coal in 1955 alone! 
The year 1955 was a year of high steel output, but 
from 1954 to 1955 hard-coal extraction was ex- 
tended only 2 pet. This was hardly enough to meet 
demands for coke, and, as 
stocks dropped by more than 5 million tons. The 
balance of the coal supplies were met by imports 
from outside the ECSC, and imports increased from 
13.9 million metric tons in 1954 to 23.0 million in 
1955. Almost 70 pct of these supplies came from the 
U. S., while the United Kingdom, Poland, and the 
U.S.S.R. supplied lesser amounts. The bulk of coal 
imports were destined for German coke ovens, but 
Italy, a country almost completely dependent upon 
imported coking coal, also took a large quantity. By 
imports, coke 


a consequence, pithead 


drawing upon stocks and utilizing 
production in the ECSC increased by 8.8 million 
metric tons from 1954 to 1955 to meet an increased 


pig iron output of 7.9 million metric tons 


During 1956, coal imports are continuing at an 
increasing rate, and for the first four months over 
10 million metric tons of coal were exported from 
the U. S. to the ECSC.’ But the Community’s coal 
production is also up, and an additional 2.3 million 
metric tons were mined during the first seven months 


American Loan Aids Coal Mine Investment 

With present coal output unable to cope with the 
demands of the steel industry and with plans fo! 
further extending steel production, there is clearly 
a need for further investment in coal mines. Of the 
$100 million loan granted by the Export-Import 
Bank to the ECSC in April 1954, some $31 million 
was allocated for coal mine investment, particularly 
in the Ruhr and Aachen coal fields of Germany 
These funds, together with other loans contracted 
by the High Authority (the executive branch of 
ECSC) both within and without the Community, 
and private loans guaranteed by the High Authority 
of ECSC, will permit a continuation of investment 


in coal, including the sinking of new shafts in Ger- 


many. Furthermore, the High Authority is using 
funds to aid in financing the building of homes for 
miners, particularly in the Ruhr valley, thereby 


tending to increase the permanent coal mining force 


ECSC Steel Capacity Outpaces the Blast Furnace 
The long run demand for coking coal by the steel 
eem to be higher than present con- 
umption many steel firms, 
realizing the awkward coal supply situation and 
their capital expenditures, have 


industry would 
figures indicate, for 
eeking to reduce 
not expanded pig iron capacity sufficiently to meet 
new teel furnace capacity 

From 1952 through 1955, ECSC pig iron produc 
tion increased by 6.3 million metric tons, while steel 
yutput increased by 10.8 million tons. The pig tron 
steel ingot ratio of 0.83 in 1952 decreased to 0.78 in 
1955. The High Authority of the Community is en 
couraging investment in blast furnace capacity, 
which averaged some $40 million in 1953 and 1954 
and increased in 1955 gut this 1 till only 
two thirds of the investment in steelmaking fur 
nace On the other hand, there has been a heavy 
investment in sintering plants, which is expected to 
blast furnace productivity and reduce the 


ome 


increase 
coke rat 

During 1955, investments created an estimated 2 
million tons of sinter capacity, 0.8 million tons of 
blast furnace capacity, and 1.5 million tons of ingot 
would that basic besseme: 
, which normally represent about 


capacity It 
(thomas) faciliti 
half of the Community 
a slightly greater rate than open hearth capacity 
becoming 
additions 


appeal 


capacity, are expanding at 
However, the electric furnace proce i 
increasingly popular, and 1955 capacity 
are estimated to be more than a half million ton 


Recent Steel Output Shows More Reliance on 
Scrap Supplies 
Expanding 
iron basis put 


tee] output without a comparable pig 
more reliance upon supplies of fer- 
rous scrap. This may be a good course to follow 
where scrap supplies exist and the high level of steel 
demand is considered to be of temporary duration 
but where demand appears permanent, then a solid 
raw material base for steel production 
found 

Prior to 1954, scrap demands by the 


of the ECSC were largely met internally 


teel industry 
There was 


hould be 


a movement of scrap within the Community, 
amounting to as much as 1 million tons in 1953, 
largely the result of Italian and German scrap pur- 
chases from other member countries 

From 1954 to 1955 ECSC ingot 
creased by 8.8 million metric tons, and pig iron out- 
put was extended by 7.9 million tons, partially as 
the result of charging an extra 0.6 million tons of 
scrap into blast furnaces. The balance of the raw 
material demands of the steel makers was made up 
by charging an additional 2.6 million tons of scrap 
into furnaces. Scrap collections within the Com- 
munity were stepped up, and increased steel proc- 
essing itself produced additional scrap supplies in 
the rolling mills and fabricating plants, but scrap 
imports from outside the Community were raised 
from 683,000 metric tons in 1954 to 2,952,000 tons 
in 1955.’ 

The U. S. was by far the most important supplier, 
exporting in 1954 some 400,000 tons to the ECSC 
and in 1955 more than 2 million metric tons. Get 
man mills were important customers in both years, 
and in 1955 Italy accounted for half of these U. S 
exports, largely because the Italian steel industry's 
heavy reliance on scrap which it now found difficult 
to obtain in sufficient quantities in the French mar 
ket. Previous to 1954, scrap exports from the U. S 
to the countries of the ECSC were insignificant.’ 


production in- 


Table |. ECSC Iron and Steel Production, Thousands of Metric Tons 


Pig (rade Kasic Acid Open 


Year Iron Steel Hessemer Bessemer Hearth 

1952 4.70% 41 402 24.001 242 158.450 1,168 

1953 1.449 $9,643 20,882 238 14,885 2.078 

1954 4,194 43,838 22,631 190 17,504 

1955 41.088 2.578 27,515 200 20.607 4,145 
. e Quarterly Bulletin of Steel Statistics for Europe, United 
Geneva, Switzerland 


High Authority Asks ECSC Steel Firms to Show 
Moderation in U. S. Scrap Purchases 

Monsieur René Mayer, President of the High 
Authority of the ECSC, on the 8th of May 1956, said 
hort-term measures, the High Au 
approached the 


“As regards 
thority on a number of occasion 
American Government to ask that a proportion of 
the surplus serap still available in the United State: 
might continue to be imported by the iron and steel 
industries of the Community. I am pleased to be 
able to tell you of the understanding attitude taken 
by the United States Government: I had the oppor- 
tunity of seeing it for myself when I was there in 
February. I think I may say that if the industries 
of the Community continue to show moderation in 
their scrap purchases from the United States we 
hall probably not find ourselves deprived of the 
upplies which are so vital to us, by the introduc 


tion of quotas or export restriction 


ECSC Supervises Scrap Requirements 
‘The High Authority is 

tant supervision and discipline over the market by 
cheme for imported scrap 
impact on steel price 

crap, and at the same 
time ensures that imported in sufficient 
to meet the requirements of the iron 
and distributed in the Commu 

stock situation.” 


exercising con 


means of a compensation 
Thi ystem lessens the 
of the high price of imported 
crap | 

quantities 
and steel industry 
nity in accordance with the 
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“The High Authority is now studying... a new 
financial arrangement which will act as a de- 
terrent as regards any disproportionate increase in 
crap consumption, by means of a rising scale of 
levy payments and will thus channel steel produc- 
tion more towards the processes which employ a 
smaller proportion of this scarce raw material.” 


Concern in U. S. Over Heavy Scrap Exports 

During 1955 and 1956 concern was expressed by 
steel producers regarding the export of such quanti- 
ties of a vital raw material like ferrous scrap. Be- 
ginning with the second quarter of 1954 the U.S 
Dept. of Commerce has made a quarterly determi- 
nation of policy, in every case refraining from any 
There has been a growing feeling in 
government that it is vital to our interests to support 
friendly nations by way of raw materials 

During the spring of 1956, Congress had before it 
proposals for restriction or prohibition on exports 
of scrap. The result of this was that Congress di- 
rected the Dept. of Commerce to make a survey of 
available and potential scrap with a preliminary 
report due Oct. 1 and the final report next Jan. 31 
Meanwhile, the Dept. of Commerce is attempting to 
maintain the status quo pending completion of the 
urvey. The Department apparently would like to 
see exports held at about the same level as 1955 and, 
in this connection, has had several meetings with 
representatives of the ECSC, as well as other major 
importers of U. S. scrap: Japan and the U. K. The 
ECSC is attempting through the above cited meas- 
ures to hold 1956 scrap imports from the U. S. to a 
little below the 1955 level." 


restriction 


To Solve Long Range Supply Problem 
High Authority Seeks Increased Pig Iron Capacity 

The President of the High Authority has said that, 
“The fact remains that if we want to produce more 
teel with less scrap, we shall have to obtain the 
iron required from another source-——-from iron ore 
by way of pig-iron. The Community's availabilities 
of iron ore, home and imported, are not, at present, 
a problem a On the other 
hand, the capacity of the blast-furnaces, coking- 
plants and sintering-plants is limited, and this may 
easily hold up the development of our iron and steel 
production 

“A year ago, the High Authority announced to 
the Assembly that it had decided to implement the 
provisions of the Treaty, concerning the action 
it is empowered to take in regard to investments, 
with a view to encouraging the co-ordinated de- 
velopment of capital schemes in the Community.” 

The Treaty which created the ECSC does not per- 
mit the High Authority to insist that certain invest- 
ments be made or not be made. Enterprises make 
their own decisions and are responsible for them 
The High Authority has, however, many ways of 
making its influence felt in this field. These include 
the circulation of general information, issuing opin- 
ions on individua! investment programs, and the 


regards actual tonnage 


granting of loans and guarantees 

It is now compulsory for enterprises to notify the 
High Authority in advance of undertaking major 
investment programs, and 

3 the High Authority also decided to publish 
in the Official Gazette a full list of its opinions, giv- 
ing the names and addresses of the enterprises con- 
cerned and the investment program to which each 
opinion relates. In addition, the High Authority has, 
since 1953, been compiling annual surveys of the 
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capital schemes in progress in the industries of the 
Community As in previous years, we have 
found that the schemes are chiefly for the moderni- 
zation and expansion of the rolling-mills. This 
means additional steel requirements, whereas we 
also find that the extension of blast-furnace capacity 
is apparently not going ahead as fast as is necessary 
to increase steel-producing capacity.’” 

In the financial field, the High Authority has con- 
tinued to help the industries of the Community gain 
access to capital markets hitherto closed to them 
to stimulate Community capital markets, and to 
bring down loan costs. The High Authority has con- 
tracted loans both within and outside of the Com- 
munity (notably in the U. S. and Switzerland) and 
funds to enterprises or used it to 
guarantee bank loans. Thus, the ECSC can exercise 
considerable influence on the course of investment 
in the coal mining and ferrous metals industries 


reloaned these 


Review 

While the European Coal and Steel Community 
is a comparatively new organization, it can be seen 
that it has already done a great deal to stimulate 
steel production and consumption by permitting free 
movement of coal, iron ore, and steel products acro 
the inter-community boundaries 

One of the major problems facing the Community 
is that of expanding coal production from old mines 
over-exploited during the war years, with insuffi- 
cient investment. Miners, largely dissatisfied with 
their lot, have been desirous of turning to less ardu- 
ous jobs. The Community's answer has been: stim- 
ulating of investment in mines as well as promoting 
proper working and housing conditions and the free 
movement of miners across the borders of member 
countries 

The coal problem is reflected in blast furnace 
capacity which has not kept up with expanding 
capacity of steelmaking furnaces Scrap supplies 
have been strained by non-equilibrium conditions 
between steel and pig iron capacity, and the ECSC 
has been encouraging investment in blast furnace 
and coke ovens as well as ore-beneficiating plants 

The U. S. has gone a long way toward making up 
the deficit in coking coal and scrap supplies. With 
U. S. coal production at an adequate level this ha 
been welcomed by coal producers, but with scrap 
there has been some feeling that this valuable raw 
material should be conserved for our own furnaces 
On the other hand, the U. S. has shown itself a 
friend of the ECSC by continuing to allow the pres- 
ent rate of scrap export, while requesting that it not 
be increased 

If the ECSC investment in steel plant continues, 
capacity is expected to be 66.5 million metric 
tons by 1958. The High Authority is attempting a 
closer coordination of investment programs so that 
scrap imports from the U. S. may be expected to 
show a declining tendency. On the other hand, ex- 
panding European coal capacity may continue to be 
outpaced by steel so that ECSC may be a permanent 
customer of U. S. coal. 
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1949—Increased demand upon smelter capacity met by adding third 
converter shell, permitting two converters to be kept in constant oper- 
ation. 

1953——New orebody raises demands on smelter; capacity increased 
on reverbs by new burner setting comprising more units and by in- 
creased cross-sectional area of furnace front, and on converters by 
new arrangement of tuyeres. 


Meeting Increased 


Copper Demand 
At Magma 


Based on an Article by 
Edward J. Caldwell 


PERATIONS of the Magma Copper Co. are lo more capacity than its predecessor, was also started 
cated at Superior, Pinal County, Arizona, some up in 1949. This threw added demand upon smelte! 
67 miles east of Phoenix. Prior to 1924, Magma mine capacity. Although the reverb was capable of smelt 
production was shipped to the American Smelting & ing the tonnage required, limitations on such ton 
Refining Co.’s smeiter at Hayden, Ariz.; but by thi nage were set by the quantity of matte the two con 
time, the ore’s copper content was deemed sufficient verters were handling. Brick repairs on the con 
to warrant construction of a small smelter. The verters were amounting to an average of 4 converter 
plant was designed by Bradly, Bruff & Labarthe days per month, and it was obvious that lost time 
and constructed by Kansas City Structural Steel Co would be an outright gain if an extra shell were 
It was blown-in on March 29, 1924. As designed, the available. Consequently, a third 12-ft diam Great 
plant was to have a daily production of 30 tons of Falls converter was purchased from the Phelp 
blister copper and consisted, in part, of six Nichol Dodge Corp. smelter at Clarkdale, Ariz. This spare 
Herreshoff roasters, one 22-ft x 96-ft oil-fired (now converter not only did away with lost time due to 
gas-fired) reverberatory, and two 12-ft Great Fall brick repairs, but also permitted all three converter 
converters (one operating and one spare) to be kept in better shape. This placed the converter : 
During the first few years, blister production capacity in step with higher reverb tonnage. The ar 
matched the designed capacity, but by 1929, in- third shell is stored outside the converter aisle on a Lae 
creased mine production made a two-converter op- transfer car. When needed, it is pulled into the aisle 
eration desirable, and a second blowing engine wa by the D4 Caterpillar bulldozer that takes care of 


purchased, During 1945, the concentrator flowsheet the converter aisle clean-up. It can then be picked 
was changed over to the production of a direct up by the two overhead cranes operating tovethe! 
melting concentrate. For the next few years the The entire change is accomplished in le than 45 
roaster plant was used only as a drying medium, and min 

n August 1949 the smelting plant was shut down At this time, it appeared that the smelter was in 
and the charging system was adapted to a wet favorable balance with mine production, However 


charge, shutting the roaster plant permanently with cessation of zinc mining and milling in Sep 
Third Converter Shell Allows Capacity Reverberatory tember. 1952. all facilities of both mine and mill were 
Output devoted to copper production. Increased tonnage wa 
The new concentrator, which had 25 to 30 pct felt at the smelter early in 1953 and prompted a 7 
EDWARD J. CALDWELL is smelter superintendent of Magma day operation out of what had been a 6-day opera 


ew orebody 


Copper Co., Superior, Ariz tion In addition, production from a n 
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Fig. |—Detail of modified burners and arrangement in 
reverb wall 


thereby making de 
melter capacity 


raised the concentrator heads 
mands for increased 


Increased Reverberatory Capacity Required in 1953 
Considerable work was done on reverberatory 
burner setting in an attempt to increase firing rate 
and/or combustion efficiency. Burner setting in 1953 
consisted of four surface combustion burners made of 
#-in. pipe. The venturi throats were cast iron and 
carried an adjustable damper for contro] of air in- 
piration. Three-quarter in. orifices were used, and 
for a normal firing rate of 80,000 cu ft per hr, a 
These 


normal 


header pressure of 21 Ib was required." 
operated quite efficiently under 
firing rates, but it was discovered that sufficient pri 
mary air could not be inspirated at firing rates above 
80,000 cu ft per hr. Thus, at a firing rate of 100,000, 
econdary air provided by openings in the burner 
blocks had to be used. This meant that at least 20 
pet of the total air required had to be secondary, and 
this, in turn, gave rise to oxygen-rich and oxygen- 
within the reverb as proven by the 
coexistence of carbon monoxide and excess oxygen 
Firing rates above 100,000 cu ft per hr were im- 
possible because of lack of sufficient furnace cross- 
ection on the front end, near the boiler throat 

With the amount of 
the higher firing rate, combustion was not effici 
ent, and, what was more serious, complete oxidation 
of the fuel was far too slow. Orsat readings through 
the arch, taken at progressively greater distances 
from the bridgewall, indicated that oxidation was 
not essentially completed until a point 70 ft from the 
bridgewall was reached. This position was just 
ahead of the point where the furnace cross 
was reduced. Readings at this point indicated maxi- 
mum draft of 0.03 in. of water between charging 
and 0.05 in. water pressure, or more, during 


burner 


deficrent zone 


secondary air required for 


section 


cycles 
charging. It was found impossible to increase draft 
at thi setting of the boiler dampers 
and any increase in firing rate over 100,000 cu ft 
in large percentages of 


point by any 
per hr would result only 
carbon monoxide in the waste heat boilers 

The necessary conclusions were obvious. What was 
needed was an burner setting—a 
burner setting comprised of more units, or burners, 
that could successfully and efficiently assimilate the 
desired volumes of fuel, using close to 100 pct pri- 
mary air. It should also be capable of firing rates 
well in excess of 100,000 cu ft per hr if the reverb 
design could be altered to handle such volume 


entirely new 


* All gas volumes are in cu ft corrected to 0.630 specific gravity 


40°F and 1,000 BTU per cu ft 
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A second conclusion was that if firing rates in excess 
of 100,000 cu ft per hr were desired, these rates cer- 
tainly couldn't be obtained with the existing bottle- 
neck in the front end of the reverb. This point had 
a cross-sectional area of only 58 sq ft as compared to 
an average of 96 sq ft between charge piles in the 
balance of the reverb. The two boiler throats each 
had an entrance area of 64 sq ft; so, it was decided 
to enlarge the 58 sq ft section to the full 96 sq ft 
that was potentially available. This job was given 
favorable consideration, since nearly the entire front 
end needed replacing in any event, and there would 
be less brick and time involved in the new arrange- 
ment. Other than the cost of the new burners, the 
entire job would cost no more, and probably less, 
than that which otherwise would have been done 
and considered within the scope of normal repairs 
The reverb was shut down July 16, 1954 to effect 
the above repairs and changes 

The inside, longitudinal tie-rod on each side of the 
reverb had to be eliminated, as otherwise this rod 
would be within the furnace atmosphere when the 
idewalls were moved back. The one remaining rod 
on each side was figured strong enough to carry the 
tension required to hold the ends during warm-up: 

The steel crossovers into each boiler, under which 
the longitudinal tie-rods passed, were cut off on the 
furnace side to conform with the inside of the newly 
positioned sidewall These shortened crossover 
contributed an added advantage in that 
much a problem as 


slag deposi- 
tion thereon should not be a 
formerly 

The excavation for the new sidewalls was taken 
down to a point 6 in. below the bottom of the buck- 
tavs. The new sidewall was constructed of 12 in. of 
chemically bonded magnesite brick backed-up by 24 
in. of silica brick. This thickness was carried up a 
far as the bottom of the skim door, and it was then 
corbelled-back 6 in. every fourth course until a 12 
in. wall was attained 

The old sidewalls under the boiler crossover 
taken down to the level of the existing furnace bot- 
tom at that point, and the void between the old and 
filled with a tamped mixture of 
and basic mortar; the 
allowed to smelt-out 


were 


new walls was 
crushed magnesite brickbat 


old, angled sidewall base wa 


New Burner Arrangement Increases Firing Capacity 


The burner setting decided upon was adapted to 
Magma conditions from a setting that was in use at 
the International Smelting & Refining Co., Miami, 
Ariz. The burners are made from standard, 8-in 
pipe a grid compo ed of l-in quare opening ! 
placed 4 in. back from the discharge end of the 
The purpose of this grid is to equalize ga 


across the diameter and insure the proper 


burne! 
velocitie 
mixing of gas and primary al! 

The gas is fed to the burner through a 7/16-in 
diam orifice with tapered approach, and primary alt 
is inspirated through an opening adjustable from 0 
to 12 in. by means of a sliding sleeve. This burner 
detail is shown in Fig. 1. It should be noted that the 
burner tips (the last 24 in. that contain the grid) 
are readily changed when necessary, since this por- 
tion is held fixed by only four set screws 

Twelve of these burners are used in the new set- 
ting and are arranged in two rows of six each across 
the bridgewall as shown in Fig. 1. The burners are 
all parallel to the long axis of the reverb the top 
row of six are set at a random, vertical angle ap- 
proximating 10 degrees to keep the flame from 
scoring the bottom side of the arch at the bridge- 


i 


were cast from a chrome 
tunnel 


wall. The burner block 
which is carried centrally in thi 
strap placed under the 


castable 
by means of a semicirculal 
barrel. The 
barrel and burner tunnel are closed with a flat, cir- 
braided connect the 
burners to the gas headet 

The reverb was fired-up on August 1, 1954, just 15 
days from the time the fire 
tablished, that at a header pressure 


burne! openings between the burner 


cular strap Flexible hoses 


were cut off 


It was soon « 
of 47 lb, the burners were firing at a rate of 115,400 
cu ft per hr. Oxygen determinations taken directly 


behind the grid yielded 18.1 pct to 18.4 pct, indicat- 
ing that the burners were using very close to 100 pct 
were living up to expecta- 


primary air. The burne! 


tions, and the widening of the front end indicated, at 
the above firing rate, that more fuel could be han- 
dled. Since the metering equipment is limited to 50 
lb, it wa Impo ible to increase gas volumes by in- 
creasing pressure, and the installation of large: 
orifices resulted only in surging by the burners with 
resultant vibration of the main arch. The 7/16 in 
orifice 1s apparently optimum size for this burner, 


ults only in adverse 
conditions, the re- 
15 pet more fuel 


and the use of a larger one re 
characteristic Under the new 
efficiently handling over 
, like the front end change 
uccessful 


verb wa 
o, the burner 
idered justified and 

The widened front end gave 
ings during charging and up to 0.05 in. water be- 
position of the sample tube re 
before the change. At no time 
except for matte explosions, have the furnace charge 
with flame as the, 
the furnace atmosphere 1 


etting 


were con 
neutral draft read 


tween charging, the 
maining the same a 
holes been out-cast were before, 
and, as a consequence, 
relatively clear without sacrificing draft 

Orsat readings indicated that oxidation of the fuel 
entially complete within the first 8 ft from 
a consequence, bridgewall tem- 
2.600 F, or 300°F 
Careful at- 
ary, 


Wa 
the bridgewall. A 
perature were running 
higher than with the old burne 
tention to bridgewall fettling wa 
but after only of operation, some corrosion 
of the bridgewall wa 
fettling. At this time, a 
talled below the bottom row of burners to aid in 


ove! 
etting 
now nece 
month 
observed in spite of continual 


ystem of air sprays was in 


the dissipation of the increased heat 
Table |. Magma Copper Co.—Reverberatory Solid Charge 
Charge 
Mater up Analysis, Pet 
Wt Pet (a fe C20 ALO S10 
Concentrate 82.41 25 41 240 0.7 14 11.5 29.7 
Crude Ore 4.07 114 11 47 53.4 146 
Secondarie 8.14 22.85 29.9 18 69 129 
Limerock 538 418.5 
We iA 23.04 22 4 ) ! 261 
divided 
Reverb M 23.63 6 17 276 
® 7 7o4 16 274 144 
Reverb-Converter Product Analysis 
Reverberat Slag 041 “9 48 
Converter Slag 294 12 16 23.7 
Matte 4.11 248 239 
Magma Copper Operating Data 
tte 67.5 pet 
Silicate degree, 1.20 
K f 61.8 pet 
Tot sifur elir ited in reverb, pet 29 0 pet 


changes, the reverb not only took up 
but also the firing 
rates generally had to be reduced to keep the matte 
supply in proper balance. So, the problem then be- 
came one of increasing converter capacity 


With these 
all the slack in the converters, 


New Converter Tuyere Arrangement Brings 
Capacity into Balance 


The converters were equipped with the conven- 
tional Great Falls tuyere line 
tuyeres, each made of 1‘e-in. pipe. Au 
urements indicated that, individually, the converters 
were utilizing from 6,000 to 9,000 cu ft per min with 
an average flow of some 7,500 cu ft. The two blow- 
ing engines were rated at a total of 20,000 cu ft; so, 
some 5,000 cu ft were still available 

Adding more tuyeres was out of the question, as 
earching for some 


which consisted of 24 


flow meas- 


there was no room for them. In 
means of increasing air consumption, it 
covered that the old United Verde Copper Co., 
Great Fall 


was dis 
which 


employed eight or nine of these Con 


verters, had used an entirely different tuyere set-up 
Their tuyere lines consisted of only 16 tuyeres, but 
the tuyere pipes were 2-in. Their 16 tuyeres had 38 


ectional area than the Magma 24 
Although operating data 
looked as though it might 


pet more cro 
were not 


be the 


tuyere et-up 
available, thi 
answet! 

The wind box was removed from the 


were welded up, and 16 


pare con 


verter; the 24 existing hol 

new holes were drilled and tapped for 2-in. pipe 
These new holes covered the same length of wind 
box as had the previous 24, but at greater distance 


or centers 
The tuyere valves, or bodies, were 
connection and a 2-in 
however, did not have 


similarly drilled 
out for a 2-in 
The tuyere cap 
tock to allow for a 2-in. hole; so, the 
1% in., but this wa 
of the test run 
ervice October 16 


windbox 
tuyere pipe 
ufficient 

opening was bored out to only 
considered sufficient for purpose 
This converter was placed in 
1954 alongside the other converters. During the first 
work this converter did, 


Urprising average all 


campaign, the amount of 
relative to the other, wa 
consumption was about 11,000 cu ft, and peaks 
would hit 13,000. A total of 18,000 cu ft was now 
going to the converters and divided between them in 
the proportions of 11,000 and 7,000 cu ft 

After only a few days of thi 
cided that no time should be 
over the other two converters 


operation, it was de 
wasted in changing 


New 


tuyere valve: 


and caps were designed for 2-in. operation; these 
new castings were essentially the same as were used 
for l'e-in. tuyeres, although larger all the way 
through 

In a period of three months, the other two con 


verters were changed-over. With two of these con 
verters in operation, it was found that the total au 
flow would divide equally between them at about 


11,000 cu ft each. Air pressure, with both converter 
blowing, was 13% |b instead of the previous 15 Ib 


Results 


At the time thi 
end change on the reverb wa 


prepared, the front- 
15 months old, and the 
tuyere changeover on the converters was 10 month 
old. Daily production during this last 10 months, a 
a result of both changes, is 17 pet higher than the 
best 10-month period before the change 


report wa 
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F.C. Collin 
0. A. Grytting 


- i previous paper’ one of the authors has re- 
ferred to experimental work in prereduction of 
land-Hole furnace top 
were made at Christiania 


iron ore by utilization of Ty 
wi Pilot plant test 
Spigerverk in Oslo during World War I, and after 
the war commercial scale tests were in operation at 
Norrbottens Jarnverk A/B in Lulea, Sweden, in co- 
operation with Professor Wiberg in Stockholm and 
Elektrokemisk Unfortunately these were di 

continued, The prereduction test 
furnace which have the advantage of giving good 
contact between ore and gas in a counter current 
Disadvantages of the shaft furnace are 
regarding charge porosity, and 


were done in shaft 


flow system 
the strict demand 
certain technical difficulties with discharge of hot 
prereduced ore at the base of the shaft 


The New Approach 
Elektrokemisk felt that 
in prereduction might be overcome by use of a rotat- 
ing kiln with shaft 
furnaces in Norway and Sweden, prereduced ore 
weighed, and mixed with other com- 
uggested by 


ome inherent difficulti 
In the above cited experiment 
Wi cooled 


However, the new plan, as 
was to utilize the 


ponent 
Professor Durrer of Switzerland 
ensible heat in the kiln-treated charge by feeding 
it hot into the electric furnace This is comparable 
to the Sterling proce developed by the New Jersey 
Zine Co, for electrothermal zine production 
Production of iron sponge from ore and coke in 
a rotating kiln has lately been subject to testing by 
the U. S. Bureau of Mines and Stora Kopparberg 


Bergslags A/B of Sweden,” ‘ but it was not the in- 


FC. COLLIN is Research Manager, Elektrokemisk A/S, Oslo, 


and O A. GRYTTING is Chief of Smelting Section at Elektro 
kemisk’s Research Station at Fiskaa Verk, Kristiansand, South Nor 


Fig. 1—Pilot plant set-up for electric pig iron smelting 
Prereduction kiln is shown in the foreground, with the elec 
tric furnace in back 
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A New Approach in Electric 


Pig Iron Smelting 


@Electric pig iron smelting is well established in such coun 
tries as Finland, Italy, Japan, Norway, Sweden, and Switzer 
land. New plants are being built or have already been put 
into operation in India, Peru, Spain, Venezuela, and Yugo 
slavia. The largest furnace units so far developed produce 
about 200 tons of pig iron per 24 hr. This type of operation 
is interesting for small and medium sized plants where suffi 
cient electric power is available at reasonable cost and where 
blast furnace coke is imported 

In covered pig iron furnaces, large quantities of valuable 
carbon monoxide gas are produced, the heat value of which 
represents some 1500-2000 kw-hr per ton of pig iron. In many 
integrated iron and steel plants the gas finds immediate 
plant application; however, if the gas is used for preheating 
the charge, possibly with some prereduction of the ore, less 
electric energy will be needed for pig iron production. The 
solution to this problem has attracted many investigators, 
but so far no completely successful method has been devel 
oped 

This paper deals with experimental work done at the Re 
search Station of Elektrokemisk A/S at Fiskaa Verk, Kristian 
sand, South Norway, where a new approach has been made 
to this interesting problem 


tent of Elektrokemisk to produce sponge, but only 
to preheat and prereduce the charge 

The kiln is suitable for handling relatively small 
ized materials, and the gas pressure drop is negli- 
There is little actual contact between gas and 
charge and thus little indirect reduction from car- 
bon monoxide could be expected. It was proposed 
to feed to the pretreatment kiln the complete charge, 
comprising sinter, coke breeze, and fluxes 


Experimental Technique 

In pilot plant operation, it is important to repro- 
duce correctly the heat balance of commercial pig 
iron furnaces. After successful application of dimen- 
sional analyses and theory of models on electro- 
thermal calcination of anthracite, models of electric 
melting furnaces were built in the Elektrokemisk 
Research Station. The theory for dimensioning such 
furnaces was developed by Bockman and discussed 
by him in a previous pape! 

The furnace used in pig iron experiments is a 
scale model of one smelting crater (1/3) of a 7500 
kva Elkem pig iron furnace. This experimental fur- 
nace reproduces the smelting zones and heat balance 
of large furnaces surprisingly well. Power consump- 
tion per ton of pig iron is in conformity with average 
consumption figures for large furnaces operated 
with the same type of raw materials 

In one respect a small furnace operated in this 
way will differ from a large furnace, viz. not only 
linear dimensions but also the time is reduced in 
scale. Consequently, all operations on the small fur- 
nace have to be performed according to this reduced 


time scale. On the other hand, the furnace is more 


| | 
| 
way 
___________. 


quickly started up, and any disturbance or change 
in operational conditions will show its effects faster 
In the present test, the time scale is about 1:6, which 
means that one day’s operation of the test furnace 
is equivalent to about six days operation of the 
commercial prototype furnace. It is found that 24 
hr smelting periods under constant conditions is 
sufficient to give consistent results 


Pilot Plant 

The rotating kiln, purchased from F. L. Smidth & 
Co.: A/S, Copenhagen, continuously feeds the hot, 
prereduced charge by gravity into the electric smelt- 
ing furnace. The kiln charge of sintered iron ore, 
coke, and fluxes is weighed up in batches and filled 
in the stationary hopper. Below the hopper is a 
feeder which continuously discharges the raw mate- 
rials into the kiln through a steel pipe. The charge 
travels in counter current flow to the hot gases and 
is discharged through a steel pipe directly into the 
developed from the final 
upwards 


electric furnace. Gas 
reduction in the electric furnace passe 
through the same pipe and is burnt with oxygen 
from air admitted to the kiln 

The experimental electric furnace is a 
phase, one electrode, rotating hearth furnace with 
a stationary water-cooled steel roof. Rate of rota- 
tion of the furnace crucible is one revolution per 
6 min, which gives an even distribution of the charge 
around the central electrode from one feed-hole in 
the roof. High speed of rotation of the furnacs 
greatly simplifies charging as well as observation 
in the furnace. The charge level in the electric fur- 
nace is regulated from the furnace platform instru- 
ment panel by changing the rotation speed of the 
kiln by remote control. The driving shafts of the 
feeder and kiln are mechanically connected, for a 
change in rotation speed of the kiln produces a pro- 
portional change in feed rate 

Rotation of the smelting furnace i 
an hour, the tap hole opened electrically, and iron 
and slag are tapped in a cast iron mold where a 
good separation of iron and slag is obtained. After 
knocked off the iron with a 
weighed sepa- 


single 


stopped once 


cooling, the slag | 
sledge hammer, and the product 
rately. Calculated consumption figures are based on 
weighed iron 

Table I gives chemical composition of the main 
raw materials used during the tests. Size of ore and 
inter was 0-35 mm, while coal, coke and fluxe 
were 3-20 mm 

Analyses of iron and slag varied from tapping to 
tapping, and with such a high rate of smelting it i 
rather difficult to produce pig iron with a constant 
ilicon content. As the sinter contained TiO,, it wa 
necessary to use rather acid slags to provide suf- 
ficient SiO, for high Si-tappings. Very basic slag 


Fig. 2—The model electric furnace with top off for cold 


charging 


caused trouble with TiC-formation in the furnace, 
while slags on the acid side gave much better sepa 
ration between iron and slag 

Typical Si-content in the pig iron was 1 to 2 pet 
but extreme values of 0.5 and 4 pet were sometime 
obtained. The carbon content was 2.5 to 4 pet 
Typical slag analysis | SiO, 35 pet, TiO, 10 pet 
ALO, 15 pet, CaO 30 pet, MgO 8 pet, and FeO 2 pet 
in Si-content of iron, all power 
have been recalculated on the 
The correction used 


Due to variation 
consumption figure 
basis of 1 pet Si in the pig iron 
has been 125 kw-hr per metric ton for each 1 pet 


deviation in Si-content 


Results with Tests with Preheating only 

In the first series of test mixed charge wa 
heated in the rotating kiln to temperature 
980 and 850°C. No prereduction of iron oxides in 
ore or sinter was obtained at these temperature 

Table II contain ome result 
ame charge in both cold and preheated 
condition With cold charge the furnace wa 
a hown in Fig. 2. With the preheated charge a 
double deck, water cooled roof was used as in Fig. 4 
The load on the furnace in thi eries of tests wa 
from 180 to 280 kw voltage from 36 to 
vo V 

Preheated charge gave a very smooth operation 
with teady load on the mall furnace Electrical 
lower than for 


between 


from operation 


with the 
open 


electrode 


resistance of the charge naturally | 
cold charge, but despite thi true are-resistance 
melting conditions were maintained with normal 
voltage 

Test No. 1 gave a power consumption of 2660 kwhi 
per metric ton of pig iron for a Norwegian hematite 
lump ore. In test No, 2 the same charge preheated 
to 800 C gave a power consumption of 2245 kwhr 
Tests No t+-7 showed the same trend in the result 


for sintered concentrate 


Table | 


Material 


Hematite imp-ore 
Grindhet 


Analyses of Raw Materials, Pct 


Degree 
of Oxi 
dation 


JOURNAL OF METALS—1465 


OCTOBER 1956, 


q 
| 
ve 3 
| 
| 
| 
Sent 
we 
Fe S10 rio ALO (a0 MgO Fix. Vol Ash i 
Ne ; 
Nor inter 
Bremanget 618 2.5 14 06 10 
Bre 49 $1 22 24 12 
Coke-breeze 28 69 18 #14 ‘ 
Coal 709 2i¢ 7 
Semi-coke 10 27 17 94 
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Table 11. Comparison of Results of Cold and Preheated Charge 


Consumption per Ton 


Pig Iron 
Nr of Ke of Slag Preheat 
Test Opers per Ton ing Temp Kg Elee 
Ne tien Ore Iron Kw-Hr trodes 
$0.5 Lump ore da 
Grindhein 600 charge 26680 
2 $55 Lump ore 
Gr their 600 800 2245 +4 
5 93.1 Sinter cold 
Ardal 410 charge 2510 ] 
714 Sinter 
Arda 410 2170 
> 44 Sinter 
Arda 410 m 2048 1.7 
v7 Sir rT ld 
Bremanger 120 harge 247 
7 Sinter 
Bremanger $20 850 2085 


Coke consumption was the same for cold and pre- 
heated charge. Electrode consumption is apparently 
reduced in the same proportion as power consump- 
tion. This means that the electrode consumption per 
kw-hr is fairly constant 


Results from Preheated and Prereduced Charge 

(jas available from the electric furnace gave suf- 
ficient heat for preheating of the mixed charge to 
800 to 900°C. To go a step further and raise the 
temperature level in the kiln, an oil burner was 
installed at the discharge end of the kiln 

Solid-state reduction apparently starts at a tem- 
perature of about 900°C. Progress of the reaction 
between coke and iron oxides can be observed from 
an opening at the discharge end of the kiln, for 
visible carbon monoxide flames burn on top of the 
charge where reduction takes place 

Table II presents some results from tests where 
the maximum charge temperature in the kiln was 
from 980° to 1050°C. At temperatures above 1050°C 
the charge softened sufficiently to produce clogging, 
especially where the flame of the oil burner hit the 
kiln lining. Load on the electric furnace in these 
tests was about 180 kw, voltage about 40 v 

Iwo types of sintered magnetite concentrates were 
used for the tests, one a normal sinter and the othe! 
a so-called lime-sinter, where approximately 10 pct 
crushed limestone had been added to the concentrate 
intering. In the first series of tests, Nos. 6 
to 9, normal sinter was used in combination with 
vas coke breeze. In the last tests, Nos. 10 to 14, lime- 
inter was used in combination with coke breeze, a 
mixture of 1/3 coal and 2/3 coke breeze, and a low 


before 


temperature coke (semi-coke) 


Power consumption for cold charge, test No. 6 
averaged 2471 kw-hr for normal sinter and in t 
No. 10, 2114 kw-hr for the lime-sinter. Lower power! 
maller 


consumption for lime-sinter was due to 
quantity of slag and to the fact that the limestone 
Also a nearly self- 
moother furnace 


was burnt in the sintering proce 
fluxing sinter gave somewhat 
operation. In tests No 
of the charge in the kiln, the maximum kiln tem- 
peratures were about 980° and 1050°C, whi h re- 


duced power consumption to 1728 and 1633 kw-hr 


3 and 9, with pretreatment 


respectively 

In tests Nos. 11 to 14 prereduction was carried 
omewhat further by the use of reducing agent 
which gave off volatiles in the kiln. Volatiles in 
coal and semi-coke have actually been active fuel 
in the kiln, and the temperature level in the middle 
of the kiln was raised. In this way a greater length 
of the kiln is utilized for prereduction, and more 
highly prereduced charge is obtained, despite the 
fact that maximum temperature was lower than in 
test No. 9 

The semi-coke, which contained 13 pct volatiles, 
gave about 100°C higher temperatures in the mid- 
dle of the kiln, and the degree of oxidation in pre- 
reduced sinter was 55 pet. Compared with FeO, 
which is 66.7 pet oxidized, the value 55 pct implie 
some reduction to metallic iron. As prereduction 
has a pronounced effect on power consumption, this 
was only 1400 kw-hr per ton in test No. 13. In a 
later test, No. 14, this result was confirmed 

Carbon consumption has varied somewhat from 
about 260 kg to 390 kg per metric ton of pig tron 
For commercial pig iron smelting with cold charge 
a consumption of 300 to 330 kg of Fix. C Its con- 
sidered as normal 


Table Il. Comparison of Results with High Kiln Temperatures 


Consumption per Ton 


Pig tren 
Hr of Ke of Slag Pet of O Max. Kiln Elec 
Test Opera Charge per Ten in Ore Re Temp. trodes 
Ne tien Make-up Iron moved in Kiln Kw-ir Fix. Ke 
6 v7 Sinter 120 0 cold 
Bremanget charge 2471 415 16 ) 
4 Gas coke 120 1728 296 
breeze 120 17.7 1050 1633 266 
Lime-sinter cold 
10 60 Hremanger 250 0 charge 2114 264 13.2 
Gas coke 
il 78 breeze 250 1000 1625 4 76 
Lume ter Aver 
12 219 1 3 coal 250 1600 152 10.8 
2 J coke 23.0 
oo Lime-sinter 250 970 1400 6 
14 1 Semi-coke 250 415 970 1400 190) 50 
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Elektrokemisk Research Station — “te 


In the rotating kiln, the charge 
continuously travels in counter 

current flow to the hot gases : 
and is discharged through a 
steel pipe directly into the 
furnace The experimental 


shaft 


electric furnace is a single 
phase, one electrode, rotating 
hearth furnace 
Mode! furrace 


of the charge should be nearly the same in small 
and large kilns. No reduction of time scale is there 
fore possible, and the larger ratio of surface area to 
volume of a small kiln compared with large one 


Discussion of Results 
Originally, the rotating kiln was intended only 
for preheating the charge. For prereduction tests 


the limiting factor proved to be retention time of 
necessarily gives comparatively larger heat losse 


for the small kiln. An oil burner had, therefore, to 
be installed to give sufficient high temperatures for 
prereduction. This burner was of the short flame 
type, and gave a rather steep temperature gradient 
in the discharge end of the kiln. A special type long 
flame oil burner would have been preferable 

Addition of semi-coke high in volatiles provided 
additional heat and raised the temperature level, 
especially in the central part of the kiln, thus giv 
ing a greater length of active prereduction zone 
Reactivity of this coke was also high 

Based on F. L. Smidth’s calculations for large 
kiln it was figured that removal of about 30 pet 
of the oxygen in the ore and a 50 pet calcination of 
raw limestone is obtained with 62 pct Fe in the 
inter and ordinary coke as reducing agent 


the charge governed by the size of the kiln 

Reproduction of heat balance of electric smelting 
furnaces is linked with the reduced time scale of 
the small furnace and is possible when chemical 
reactions are sufficiently rapid and therefore not a 
controlling factor. Temperature distribution as de- 
termined by heat conduction seems to be the most 
important factor 

In the prereduction kiln, however, slow chemical 
reactions take place, which naturally are of a con- 
trolling value to the whole proce In order to re- 
produce the degree of prereduction, retention time 


If coal is added as part of the reducing agent o1 
if a semi-coke is used, volatile hydro-carbons are 
driven off in the kiln, and their heat of combustion 
is made available for raising the temperature level 
in the kiln. Combustion of fuel oil or auxiliary ga 
from a long flame burner has the same effect, With 
uch extra fuel more prereduction may be obtained 

As would be expected, heat losses from the elec 
tru melting furnace are higher for preheated 
charge Jased on heat balance calculation it wa 
found that the test results agree with calculated 
power consumption figure if a thermal efficiency 
of 77 pet for cold charge conditions and 72 pet for 
hot charge was assumed 

The diagram, Fig. 5, gives a graphic represen 
tation of calculations for preheating only. The sav 


ing in power consumption obviously increases with 
the quantity of slag. For high grade ore and sinter 
preheating to 600°C gives a difference in power con 
umption of about 15 pet, which means an increase 
in iron production of 17.5 pet for a fixed power input 

Fig. 6 gives a graphic representation of heat bal 
ance calculations for combined preheating and pre 
reduction. Based on the actual test data, the rela 


tionship between degree of oxidation and power 
Note } 


Fig. 4—The model electric furnace with the top on 


the single electrode and the charging pipe in the foreground consumption has been estimated 
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For lime-sinter, a power consumption of 1400 
kw-hr per ton obtained in two of the tests, compared 
to 2114 kw-hr for cold charge, was equivalent to 
’ 3 pet increase in production for the same power 
input 

For normal sinter, a power consumption of 2471 


kw-hr for cold charge and 1633 kw-hr for pretreated 


charge, the equivalent increase in production for a 
fixed power input was 52 pet 

For charge preheated to temperatures below 
450°C, tests Nos. 2, 4, 5, and 7, the carbon con- 


fon of pig 


umption was the same as for tests Nos. 1, 3 and 6 
with cold charge. During these tests with preheat 
ing only, no air oxidation of the coke in the charge 


W il noticed 


AWP per metric 


| go v0 60 


- 
Degree of onsdation Ve 


Fig. 6—Heat balance curve for combined kiln preheating 
and pre-reduction 


Application of the New Practice 

; | ib 7% The combination of rotating kiln and electric 
} Y smelting furnace with utilization of carbon mon- 
oxide-gas from the reduction of ore, may be applied 
to old as well as new plants 

4y installing a rotating kiln as an addition to 
a present smelting furnace, it will be possible to 
increase metal production for a fixed quantity of 
power. Without increasing the size of the furnace 
crucible, electrodes, transformers, etc., a 30 to 50 pet 
higher production is within reach. Despite the fact 
Fig. 5—-Heat balance curves tor kiln preheating only, show that fairly large rotating kilns would have to be in- 
ing power saving with increased quantities of slag stalled, a substantial saving in production cost is 


‘ 
‘ 


ee 904 ese joe 


- 
reheating lemperature 


calculated due to reduced power consumption and 


With kiln temperatures of 970° to 1050°C, test increased production capacity 
Nos. 8, 9, and 11, coke consumption was not higher The new practice may offer particular advantages 
than the normal for cold charge. In the tests No for direct use of bituminous coal in the pig tron 
12, 13, and 14, with raw coal and semi-coke in the process without installation of separate, expensive 
charge, carbon consumption was from 350 to 380 carbonization plants. The heat value of volatiles in 
kg, calculated as Fix. C per ton of pig iron. It is the coal as well as carbon monoxide-gas may be 
believed that the increase was due to high reactivity used in the kiln. Many countries have large de- 
of the carbon in these tests, which caused some posits of iron ore and bituminous coal unsuitable 
oxidation by air sucked in through openings in the for blast furnace coke production. Where electric 
roof of the small electric furnace power is or can be made available, the combination 
of rotating kiln and electric furnace will provide 
Scaling Up a logical solution to pig iron production with direct 
For the pilot plant experimental tests a rotating and full use of fix carbon as well as volatiles in the 
hearth, single phase, model furnace was used. This coal 
has greatly simplified transfer of hot charge from Outside the pig iron field there will be interest- 
the kiln to the electric furnace.” ing possibilities for pretreatment of the charge in 
the ferroalloy industry. Promising tests have al- 


Unfortunately, single phase furnaces are seldom 
ready been made on ferroalloy-production 


practical for large scale operation. For commercial 
electric pig iron smelting, three-phase furnaces are 
venerally used, and a suitable charging system for References 


to be developed C. Collin: Features from the development of electric pig iron 
ing. I1f Congres International d’electrothermie. Paris 18 to 23 


transfer of hot charge ha 
Hot charge is not a new thing in electric smelt- 

ing. Transfer of hot charge from roasting furnaces ee 
and preheating kilns is an established practice in » Barret wonge iron and dire CESS 

vreau of Mines, Bulletin 519 
thermal zine production. No major difficulties are ¢ i roterande ug rnkontorets annaler 
expected in sealing up the Fiskaa operations to experiments 
commercial scale, and projects for kiln treatment c furnaces u of The Ele 

pp. 493-496 

followed by hot charging are under preparation S. Patent No. 2,694,097. Elektrokemis 


of the Iron and Steet In- 


U. S. Dept 
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Modernization of Bunker Hill 


Presintering Practices 


Charge storage and proportioning plant showing air con 
ditioned tunnel in which the sinter charge is composited 


TRANSACTIONS AIME 


by Harold E. Lee and Donald Ingvoldstad 


storage and 
1917 to 
Only 
and 
flux 

an 


A‘ Bunker Hill the original charge 
preparation system was installed in 
accommodate lead-silver gravity mill products 
minor tonnages of wet such 
flotation concentrates were received 
and diluent were provided 
ample supply of siderite middlings and coarse lime- 
rock. While oversize material was crushed through 
¥4-in., the use of roll crushers in resulted in 
a more or less granular, free-running charge of ade 
quate porosity. Under such 
could be proportioned directly from receiving bins, 
obtained by passing the 
resultant layered composite through a small Stedman 
disintegrator 

This erved well for 
tion and smelting of an extremely lead-rich sinter, 
in the low column blast furnace. Here sinter physi- 
cal quality is less critical, and appreciable quantities 
of raw flux and oxidized ore may be charged directly 
to the blast furnace without 
furnace Capacity 

Prior to 1938 the relative proportions of zine re 
ceipts low flux 
minimum 


fines as vannet! 
Charge 


requirements by 


conditions, receipts 


and suitable blending wa 


elementary system produc 


eriously impairing 


were and extraneou requirement 
However, inflated 
zine demands brought marked increase in fine con 
centrate and slimy zine idue receipt 


an abrupt introduction to smelting a 


ata ubsequent wal 


leach res and 
more refrac 
zinciferou 
of the 
required a higher 
turn 
receptive to improperly 


tory charge. The higher temperature de 


refractory zinciferous charge 
the higher 
le 


Inadequat« 


mand more 
column and 
the blast 


prepared feed 


melting 


column, in rendered furnace 


presinter processing facilities prevented the produc 


tion of acceptable sinter, and blast furnace produc 
tion declined to 50 pet of former capacity 
In 
metallurgists a 
blast 
thi 
in furnace 
that 
ought through expanded 
of together 
hortages 1940 


among lead 
of high 
natural 


prevailing contention 
to the 


furnace capacity, it 


view of a 


deleterious action 


zinc slag on Wu 


to overstre factor and to concentrate on po 
de Another inter 
primary hould be 
Thi 


extreme 


ible change ign 
correction 
facilitie 
the 


, delayed corrective 


pretation wa 
intering 
with 


divergence opinion 


material of the 


H. E. LEE and D. INGVOLDSTAD, Members AIME, are, respec 
tively, Manager of Metallurgy and Chief Research Metallurgist, 
Bunker Hill Smelter, The Bunker Hill Co, Kellogg, Idaho 

TP 42798D. Manuscript, Jan. 4, 1956. New York Meeting, 
February 1956 
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Acidity Data 


Slag Type FeO 
Charge, Tons cad Metal- Relative 
Plant and Conditions Ingredient Pet per Day* Ratio Oxide Oxyeen “ecidity 


Piant A SiO 23.1 
Tuyere area, 44%100 Fe) 
Column 15 ft, blast 46 oz CaO 218 

4 


Charge Pb content: 32 pet 


Piant 
syvere aren, 484x180 
15 ft. 40 oF 


sree Pb content: 36 pet 


180 
biast 45 
18 pet 


ere 
14 ft 
Charge Pb content 


Colur 


Piant C.2 


Tuyere area, 52x180 tv 
Column 15 ft, blast 47 og CaO 16.3 
Charge Pb content: 30 pet Zn0 17.2 

KO 12.1 
Piant S10 21.4 
Tuyere area, 562x180 in FeO 294 
Column 14 ft, blast 47 oz CaO 14.7 
Charge lead content ZnO 214 

RO 12.9 
Piant D S10 264 
Tuyere area, 46x1804 im 
Column 19 ft, blast 39 oz CaO 


Charge lead content: 25.4 pet 


Piant D-1 
Tuyere area, Fe) 0.5 
Column 19 ft, biast 42 of CaO 216 


Charge lead content: 21.5 pet 


Tuyere area, 408x180 in 
Column 14 ft, 36 of Ca) 82 
Charge lead content: 37 pet Zn0 21.4 
nO 13.2 
Hunker Mill smelter 22.5 
September 1947 
Tuyere area, 66%252 in FeQ 16.0 
Column 7 ft, biast 20 5 15.1 
Charge lead content: 46 pet ZnO 16.0 
RO 10.4 
Hunker Hill smelter S10 25.2 
August 1940 
Tuyere area, 66%252 in FeQ) 10.3 
Column 7 ft, blast 16.5 oz Cad 13.0 
Charge lead content: 46 pet Zno 16.3 


RO 


* Monthly or longer period averages 


625 


450 


587 


317 


609 


379 


SiO; 
FeO 6.71 

66.3 14 CaO 621 044 
ZnO 


66.4 04 


16 0.52 


1.6 
FeO 7.11 
65.4 19 CaO 465 0.44 
Zn0 3.39 
27.14 
11.51 
FeO 6.56 
65.5 2.0 CaO 4.19 0.43 
Zn0 427 
26.53 
SiO, 14.07 
FeO 6.73 
60.1 1.3 CaO 6.38 049 
Zn0 1.48 


0.48 


67.3 46 CaO 234 0.41 
ZnO 4.20 
25.36 
11.99 
FeO 8.03 
67.1 24 CaO 4.30 0.44 
Zn0 3.15 
27.47 
SiO, 13.43 
FeO 6.76 
59.6 2.3 CaO 4.71 0.50 
ZnO 3.21 
27.11 


this period, however, 
sources were assembled and 


procedure. During 
tional data from many 


opera- 


analyzed 

Table | is a comparative summary extracted from 
this smelting data. It will be seen from this table 
that slag zine content alone is not critical, but the 
type of slag in other respects is indicated to be of 
importance in controlling blast furnace 
capacity. In fact, assuming the charge to be pre- 
dominantly sinter of proper FeO:CaO ratio’ and 
containing minor residual (RO) compounds ranging 
from 10 to 12 pet (thus the balance silica) a simple 


primary 


rule for attaining high blast furnace capacity ap- 
pears to demand a slag in which the ~ of FeO 4 
CaO + ZnO approaches 66 pet. This rule presup- 


poses that all slag forming ingredients and proper 
sulfur diluents exist intimately incorporated in the 
inter plant feed and that the composite presinter 
charge has been endowed with adequate porosity 
Under fast smelting sinter will 
follow 

In the period 1948-1949, extensive laboratory ex- 


such conditions, 


periments were conducted not only to determine 
related overall smelting requirements, but also to 
select the most promising alternative procedures 


After all conclusions drawn were checked by actual 
pilot plant 1949-1950, chemical and 
physical presinter charge control was proved to be 


operations, 
mandatory 
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To attain such control at a custom smelter subject 
to long periods of adverse weather and dependent 
on coarse flux and a wide variety of ore receipts 
necessitated: 


1) An all-weather system. 

2) Facilities for crushing all oversize materials 
to —Y%q-in. 

3) Enough bins—designed to permit positive 
flow—to maintain adequate segregation of charge 


ingredients 

4) Provisions to obtain presinter analysis of the 
composite charge and a means of correcting indi- 
cated deficiencies. 


5) Adequate charge blending and pelletizing 
facilities. 
It was not economically feasible to realize the 


foregoing requirements by renovating the existing 
system, and construction of a new plant was decided 
upon. This new plant, designed and constructed 
under contract by Stearns-Roger Mfg. Co., is com- 
prised of four distinct units: a crushing plant; a 
storage, proportioning, and blending plant; a bed- 
ding plant; and a pelletizing plant. Construction 
was started in the fall of 1951 and completed in 
October 1953. The initial crushing plant unit was 
finished and placed in operation in September 1952 

Crushing Plant: The crushing plant was molded 
into limited space of not too desirable contour. As 
shown in Fig. 1, it is designed for flexible, multi- 
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| 
Table |. Comparative Lead Blast Smelting Data | 
635 
nu 10.6 ‘ 25 ‘ 
S10 22.5 S10 12 
CaO 20 5 = } 
Zn0 84 ZnO 1.65 
RO 10.1 28.38 
S10 29.4 SiO» 15.88 
Fe) 41.5 FeO 7.02 
CaO 202 | 60.1 CaO 
a4 Zno 1.65 
nO 10.1 
Oo 12.5 
555 
284 
7.5 
28 
SiO, 13.75 
FeO 6.85 
61.5 14 CaO 6.16 
ZnO 94 ZnO 1.85 
KO 12.7 , 28.61 } 
95 S10 10.39 
FeO 84 
| 
= 15.2 
—, 


purpose service. It is utilized for: 1) crushing and 
grinding, to '4-in., minor volumes of crude ores 
and major tonnages of charge diluents, fluxes, and 
circulating byproducts; 2) intermediate reduction 
and sizing of both finished byproducts and pallet 
dressing which is required for one-pass sintering. 
As far as dry crushing is concerned, the design is 
unique in employing a rod mill and including a 
dryer in the circuit. It will be noted that provisions 
are made for bypassing both dryer and rod mill and 
for delivery of products to variable destinations. 
Crushing plant feed is received through ten rail- 
road bins of 2600-cu ft capacity, one of which feeds 
direct to the dryer for the processing of wet slimy 
materials not amenable to passage through the more 
devious coarse crushing system. The remaining nine 
bins feed through chutes with arc gates onto a 
mobile apron feeder which regulates the flow via 
belt conveyor to the coarse crushing section 
Primary crushing is accomplished in a Traylor 
30x36-in. type H jaw crusher. However, the feed 
opening of this unit is restricted to 24x36 in. to 
accommodate tough furnace products such as matte 
and speiss. Jaw motion is % in. and a minimum 
open setting of 24% in. is used 
The —2'%-in. jaw crusher discharge is delivered 
to an Allis-Chalmers No. 648 Hydrocone crusher, 
which operates in open circuit with a 4x8-ft (4%-in 
openings) ac rod deck screen. The —%%4-in. product 
of this secondary crushing circuit is conveyed to a 
Jeffrey continuous bucket elevator 77 ft high, the 
discharge of which (sampled if desired by a Geary- 
Jennings sampler) can be diverted to multiple des- 
tinations by means of a three-way splitter utilized 
in conjunction with two reversible belt conveyors 
1) One of the above splitter legs delivers —%%4-in 
sinter to a 4x8-ft Nordberg Symons rod deck screen 
with %-in. openings. Oversize is returned to the 
sinter plant for pallet dressing and undersize is belt 
conveyed to storage in ‘the proportioning plant for 
use as a sulfur diluent 


2) <A second splitter leg, via reversible con- 
veyor, is employed to bypass the rod mill com- 


pletely (either to the proportioning mill or to rail- 
road cars) and to deliver material of excessive 
moisture content to an 8x60-ft Stearns-Rogers oil- 
fired rotary dryer before it goes to the rod mill. This 
dryer operates on a '4-in, per ft slope and is driven 
at 4.45 rpm by a 75-hp motor. The vented dryer gas 
is cleaned in a No. 24 type N Rotoclone equipped 
with an Esperanza-type slime remover. The slime 
is dewatered for circulation along with similar plant 
products and the clean gas exhausted through a 
3-ft diam steel stack by means of a No. 80 Norblo 
fan. The dryer discharge, by means of a heat- 
resistant conveyor system, may bypass the rod mill 
or be delivered to it 

3) The predominant flow of rod mill feed passes 
through the third splitter leg to a reversible con- 
veyor which feeds either of two steel bins, 12 ft OD 
by 17 ft high. From these surge bins the rod mill 
flow is regulated by variable speed feeders 

Because predesign tests demonstrated its efficient 
44-in. product from a 
range of feed types containing up to 2 or 3 pct mois- 
ture, rod milling was selected in preference to the 
usual closed circuit roll crushing. A 9x12-ft Allis- 
Chaimers peripheral discharge dry rod mill is em- 
ployed. This mill is fed by an 18-in. diam, 70-rpm, 
5-hp screw feeder and is driven at 17.2 rpm by a 
450-hp synchronous motor. Lorain liners 2% in 


open circuit delivery of a 
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Fig. 1—-Crushing building at the Bunker Hill Co. charge 
preparation plant 


thick are employed and a 25 to 30-ton rod load is 
maintained by the periodic addition of 3%-in. rods 

Dry rod mill performance to date has been very 
satisfactory. After three years of operation, the 
original liners are still in service and the lifters 
have only recently been replaced. About once a 
month, broken rods are removed and 15 to 20 new 
rods added. Table II presents feed and discharge 
sizes when the rod mill is operating on two different 
types of feed at a capacity of about 60 tph 

The rod mill discharge passes successively to a 
36x54-in. Robins Gyrex screen (1 mesh) for scalp- 
ing out broken rods and a Jeffrey double paddle 
mixer (12 ft long by 3 ft 11 in. wide) for wetting 
to prevent excessive dusting before it is belt con- 
veyed to the proportioning plant 

All conveyors are interlocked and a dust collec- 
tion system serves transfer points as well as crush 
ing and screening equipment. The dust-laden air is 
filtered through an Aeroturn dust collector contain- 
ing 24 wool felt bags, 18-in. diam by 18 ft long. A 
size 80 Norblo exhaust fan driven at 800 rpm by a 
60-hp motor vents 25,000 cfm through this unit 

As already indicated, this plant reduces a wide 
variety of product For operation on large tonnage, 
including flux and diluent requirements (limerock, 
lag, and sinter), an average rate of 55 tph is main- 
tained. For processing smaller tonnages of variable 


Table I|. Dry Rod Mill Grinding Performance 


Peed, Discharge, Feed, Discharge, 

Mesh Pett Pett 

2 09 00 ool 0.0 

4 0.0 15.3 08 

4% 01 15.7 5.9 90 

24 4.2 21.0 

24 t 18.7 18 16.5 

100 lf 22.0 2.0 1748 

200 05 63 

200 1 11.5 22 266 
° ‘ i p slag at 61.5 toh; rod load 30 tons 


«in. limerock at 57.3 tph; rod load 30 tons 
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circulating byproduct average capacity is obvi- 


ously reduced by time lost in switching from one 
material to another 


three shifts per day are required with a three-man 


Depending on tonnage, two to 


operating crew. One extra clean-up man is employed 
on day shift 

Charge Storage and Proportioning Section: Im- 
mediately south of the new plant, adjacent to the 
railroad bins already mentioned, 17 additional bin 
receive fine concentrate and leach residue shipment 
starting with these receiving bins and picking up 
the crushing plant load from the east, Fig, 2 trace 
the material flow through the storage and propor- 
tioning section 

A 64x288-ft building houses thi 

east wall are 11 concrete bins for 
hed fluxes, diluents, and circulating byproduct 

Five of these bins are of 7000-cu ft capacity and six 
Eight 7000-cu ft bins along 
the opposite western wall store fine receipts which 
the crushing plant. Parallel between these 
bordering storage bins are 19 steel proportioning 
hoppers of 1000-cu ft capacity. Material transfer 
torage to the hoppers is accomplished with a 


ection. Along 


torage of 


of 3500-cu ft capacity 


bypa 


from 


2-yd Blaw Knox clamshell bucket operated from a 
P&H overhead crane with 61-ft span 
proportioning bins are spanned by a steel rail grizzly 


The hoppered 


utilized for bucket cleaning and fo! 
pacing 


tem which | 
breaking compacted lumps. The grizzly rail 
varies from 6 to 18 in., depending on the characte! 
of the material being handled 

The segregation of incoming flux, diluents, and 
circulating byproducts is obviou According to the 
type of slag-forming ingredients they contain, in 
egregated into five classification 
drawn from 


coming ore “are 


Variations in composition of material 
torage are minimized by provision of adequate bin 
practice of bedding the flow 


propel 


capacity and by the 
Incoming flow is diverted to it 
torage bin by a Robins motor-actuated wing trip- 
per. A selector used to locate the tripper 
and bedding of the discharge is effected by an oscil- 
witche 


into storage 
witch | 


lating tripper movement between limit 

In an air-conditioned tunnel beneath the central 
proportioning hopper a composite charge | formed 
by controlled mechanical discharge of the 19 prod 
One of these bins, utilized for very 
low feed rate i crew discharged. All other bin 
employ 4x8-ft pan feeders, of which six are ratchet 
peed continuou 


ucts contained 


driven and 12 have a variable 
Feed rates are controlled by adjustments of 
both gate opening 
pan discharge onto the collection belt 1 
by use of a hinge-mounted solid flight screw, which 
contacts and cuts the face of the discharge ribbon 
discharge onto a 30-in 


drive 
Gobbing of the 
minimized 


and pan speeds 


All proportioning hopper 
gathering conveyor that spills to a cross-belt for 
delivery to a Pennsylvania, size CF-7-38, reversible 
impactor driven at 800 rpm by a 200-hp motor 
Overall flow rate is limited by the impactor capacity 
of about 200 tph. In view of this limitation, ores are 
-proportioned on the basis of receipts, circulating 
byproducts in accordance with production rates, and 
fluxes and diluents on the basis of metallurgical re 
quirements. Between 5 and 10 pet of estimated flux 
and diluent requirements | 
thi tage to facilitate control in subsequent charge 


purposely withheld at 


correction operation: 
age through the impactor, ingredient lump 


accom 


In pa 
are broken and very effective blending | 
plished. The blended flow is conveyed over a Mer 
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Fig. 2—Preparation building at the Bunker Hill Co. charge 
preparation plant 


rick Model E Weightometer and Rateograph, thence 
to a two-stage bucket-type before being 
diverted to the bedding plant 

Three operator and one clean-up man, working 
one shift per day, composite, blend, and correct the 
24-hr requirement of 1500 tons. The three opera- 
tors, all crane men, rotate between the crane, feedet 
floor, and conveyor stations. The use of small, sepa- 
rate, free-flowing proportioning hopper 
in Port Pirie practice and was later adopted by the 
American Smelting & Refining Co. plant at Helena, 
Mont. It is very effective in obtaining low-cost posi- 
tive movement of sticky concentrate and slimy resi- 
due receipt Materials compacted in storage are 
broken and fluffed during transfer from storage to 
the proportioning hopper These hoppers are shal- 
low enough to minimize further packing and the 
feeders are wide enough to discourage arching 

Bedding Section: In addition to providing a de- 
irable weatherized storage of blended charge, the 
bedding section is the key to positive metallurgical 
control As outlined above, the composite flow is 
weighed and sampled before being bedded. On the 
basis of known weight and analysis, each bed 1 
before reclaiming, to 


sampler 


originated 


metallurgically corrected, 
target sintering and blast furnace requirement 

The 64x192-ft bedding section floor area accom- 
four 925-ton bedding piles. As may be seen 
divided longitudinally by 
ublevel in a 
trench, 


modate 
from Fig. 3, this area | 
a collection conveyor that operates 
central trench feds are laid around thi 
counter clockwise, by means of overhead trippers 
operating from belts that span each side of the 
building. The tripper are spotted by selector 
witches and oscillate over the bed length between 
limit switches 
As was mentioned previously, the bedding and 
correction of 24-hr sinter plant requirements 1s 
completed in a single 8-hr shift. Normally, one bed 
being laid while a second is delayed awaiting 
A third bed is either ready for, or in the 
of, metallurgical correction (accomplished 
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f | 
| 


u ually at the start or close of a shift » the propo! 
tioning plant crew over the regular belt system) P : > 4 


and the fourth bed is being reclaimed 
Bedding piles are reclaimed at a rate of 175 to 200 j 

tph and the operation is practically automatic. The ~* 1) WA 

reclaimer is interlocked with a pressure switch that * : — 
tops the unit when the pelletizer surge bin is full 
As a safety measure, starting is manual. The re- 
claimer, of Stearns-Roger junker Hill design, i] 
operates counter clockwise in an orbit about the é} 
collection trench from overhead rails. This unit con ‘ ‘ 
ists of a mobile, triangular, multitoothed, recipro- 
cating harrow coupled to a drag conveyor. It eat t os 
into and excavates the beds at right angles to their 
formation. The reciprocating harrow et at the 


angle of slope, continuously loosens material on the 
face which slides into the drag conveyor and is cat | 
ried into the collection trench. Forward motion of 
the reclaimer is automatic and intermittent, being 
controlled through a switch actuated by a feeler } nha’ Ww 
located just above the drag 
Reclaimed material is delivered by the collection 

conveyor to a surge bin at the head of the pellet 
izing section. Pelletizing, and thus obviously re 
claiming, is on a two-shift basis. One pauit-time man 


Fig. 4—Pelletizing building at Bunker Hill Co. charge prep 
aration plant 


| be pag ¢ required Flow from the pugmill is advanced to a 8x15-ft 
Pelletizing Section: In the pelletizing section the rotary pelletizer, which operates at 9 rpm and a 
inter charge is endowed with porosity. This de lope of 4 in. over its 15-ft length. Build-up on the 
irable physical conditioning in preparation for drum surface is limited to about 2 in. by a rotary 
intering, though uccessfully employed in zin« cleaner consisting of a pipe shaft into which short 
operations, has long been neglected by lead metal teel cutting rods have been threaded 
lurgist As indicated by Fig. 4, the reclaimed As might be suspected, the moisture content re 
corrected charge is fed from a 100-ton surge bin by quired to initiate agglomeration varies with charge 
a 4x10-ft Jeffrey feeder into the pelletizing circuit character, Charges containing higher proportions of 
Pelletizing is usually accomplished (two-shift basis) fines accept more moisture and are le critical in 
with a two-man crew at the rate of 110 to 120 tph control than more granular charges. Below a cet 
the reclaime: operatol aids in this operation tuin moisture content, agglomeration | ineflective 
Feed flow is initially conditioned with water in a too much moisture results in oversize nodules not 


5 gmi ing Mo 
x9-ft A.O.R. pugmill rotating at 6.5 rpm. Moisture acceptable for one-pa intering. As seen from the 
addition is controlled manually from an observation following typical pellet sizing data, an attempt i 
point at the subsequent pelletizer drum discharge made to limit the maximum pellet size to “% in 
Here a flowmeter is provided for re-establishing 


conditions after shutdowns 


From the pelletizing drum, the charge drop 
through a chute into a 7x30-ft Stearns-Roger rotary 


dryer, which operates at 11.3 rpm on a slope of % 


] in. per ft. No lifters are used other than six %-1n 
l ‘ i angle bars welded to the shell. The purpose of the 
dryer is to surface-harden the pellet Very littl 
ee actual drying is sought, only | to 1.5 pet moisture 
being removed 
The finished surface-set pellets leaving the dryer 
are conveyed via a partially hooded belt system to 
aoe one of two sinter plant surge bin 
7 A marked increase in smelting capacity attended 


the start of the new preparation plant operation 


and the charge uniformity and control provided ha 


enabled consistent maintenance of all subsequent 


sf operations at their highest capacity level 


Reference 


fw spe 2 pier sent AIMEE before 
7 ne. Ve and 200 nd 


Discussion 


Fig. 3—Bedding plant building at the Bunker Hill Co. charge 956, w sppe 


Jounal or Me October 1957, and Minine Ewcinet 


preparation plant 


OCTOBER 1956, JOURNAL OF METALS—1473 


TRANSACTIONS AIME 


—— , 
‘ 
4 
Mesh Wt Pet 
4 91 
20 1.7 ak 
12.5 
#2 
O Hof Met “ray Lead, pp. 307-311 edition 
atts 


Sulfur Equilibria Between Gases and 


Slags Containing FeO 


FeO slags with additions of CaO, SiO., and MgO were equilibrated with atmos- 


pheres of SO, containing additions of CO and O 


At low partial pressures of oxygen, 


sulfur is present as sulfide, and at higher pressures, as sulfate. At constant oxygen 
and sulfur pressures, sulfur absorption as sulfide is nearly independent of the ratio 
CaO/FeO, but is decreased by addition of SiO. or MgO. The presence of CaO is 


ETALLURGISTS have been studying the chem- 


ical behavior of sulfur in steelmaking for many 


yeat in order to have a better control of the sulfur 
content of finished steel. During the refining period 
tee! 


gas phase by molten slag. Chemical reaction 


ins the open hearth, molten eparated from a 
occul 
lag-metal interface and at the 
A need for physical-chemical in- 
between sulfur-bearing 
teelmaking lag wa recognized 
From the early work, it can be qualita- 
sulfur content and 


principally at the 
lag-gas interface 
vestigation of reaction 
gases and some 
time ago 
tively concluded that increased 
low partial pressure of oxygen in the gas phase 
favor the passage of sulfur from gas to slag. Using 
ulfur S”, Koch and Fink’ have demon- 


trated the rapid rate of exchange of sulfur between 


radioactive 


gas and slag in an open hearth furnace 

Gurry and Darken"® and Darken and Shields (as 
reported by Derge and Marshall’) have equilibrated 
with SO,--O, gas mixtures 
The major conclusion from the reported results i 
with increasing lime 

equilibrated with a 
gus of high oxygen pressure (10°). The data were 
indicating the presence of SO, and 


lime-iron oxide lag 


that sulfur content increase 
content in lime-iron oxide lag 
interpreted a 
ton 
Richardson and have conducted the 
tudy of sulfur equil- 
ibria between gas and slag. Their results confirmed 
many of the conclusions drawn from calculations of 
Richardson’ and Wither Richardson and Fincham’s 
data fitted very well into the sulfur 


Fincham 
most extensive experimental 


cheme repre- 


ented by the reaction 
1/28, (9) 1/2 O.(g) 


(O) melt (S) melt [1] 


1/2S, (9) 3/2 O, (9) (O) melt (SO,) melt. [2] 


greater than 10° to 10°, they 
found that reaction Eq. 2 was predominant while 
reaction Eq. 1 was controlling at oxygen pressures 
le than 10° to 10°. The 


used in their investigations were different 


At oxygen pressure 


lag compositions and gas 


mixture 


from those used in the present study. Wherever 
possible, comparison has been made between thei: 
results and these, and agreement is excellent 


G. RST. PIERRE, Junior Member AIME, is Supervising Research 
Metallurgist, Inland Steel Co. East Chicago, Ind. J. CHIPMAN, 


Member AIME, is Professor of Metallurgy, Massachusetts Institute 
of Technology, Cambridge, Mass 

TP 4281C. Manuscript, Nov. 29, 1955. Chicago Meeting, Febru 
ory 1955 


1474—JOURNAL OF METALS, OCTOBER 1956 


necessary for absorption of sulfur as sulfate. 


by George R. St. Pierre and John Chipman 


It is evident that the distribution of sulfur be- 
depends upon the oxygen pres- 


tween slag and ga 
ure of the ga In FeO 
pressure produces a change in ferric oxide content, 
and a knowledge of this equilibrium is a prerequi- 
site to studies of sulfur distribution. The data are 
found in the work of Darken and Gurry” on the 
FeO system and the more recent experiments of 
Gurry and Darken® and of Larson and Chipman” on 
FeO slag ilica. The effect of 
oxygen pressure on the ratio Fe’"'/(Fe + Fe’’’), the 
o-called j-ratio, reported by these investigators will 
be used in interpreting the results which follow 


slags, a change in oxygen 


containing lime and 


Experimental Method 
The purpose of the experimental program was to 
determine the equilibrium sulfur content in slags 
exposed to gases of known oxygen and sulfur pres- 


Table |. Free Energy of Gas Reaction at Steelmaking Temperatures 
Keaction Equation 

2S tg 6.50 29 20T 

20 121 806 3 T 

Ss tg SO 122.50 29 26T 
Ss 20 18,300 267 
co ly O 7] co 66.560 
co COS 0.30 T 
sO Os (g) = SO 19,800 + 19.767 
H S: (gi HS 11,680 + 11.817 

He S tin Fe HS 

2S: (gies Fe 28,180 + 3.447 


ures. The slag compositions selected for study were 
from the lime-silica-iron oxide system. Additions of 
ia were made to some of the slag 

used by Larson and 


magne 

Apparatus—-The apparatu 
Chipman was modified slightly to accommodate the 
addition of SO, to the gas mixture As in their 
work, slag samples of 0.5 to 2.0 g were held at tem- 
perature (*+1°C) in platinum crucibles under a 
steady stream of gas, 100 to 200 ml per min, for 
and then rapidly lowered to the bot- 
quenched in 


everal hour 
tom of the 
mercury. 
Preparation and Analysis of Gas Mixtures—Mix- 
tures of SO,-CO were prepared from Virginia 
Smelting Co. Extra Dry liquid SO, and Pure Co 
CO.. After removing traces of water vapor with an- 
hydrone, the CO, was passed over graphite at 
1200°C, at which 


were 


furnace where they 


temperature the conversion to 
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Fig. |—Approach to equilibrium at 1550°C in a lime-iron 
oxide slag containing 12 atomic pct Ca. SO. atm 


CO is nearly complete. The remaining traces of CO 
were removed with potassium hydroxide solution 
and ascarite. After removing traces of water vapot 
from the SO, with phosphorus pentoxide, it was 
mixed with the purified CO and the mixture wa: 
passed into the furnace. The ratio of SO, to CO could 
be varied by means of bleeder columns which, when 
et at a given level, held the gas flows constant. The 
composition of the gas mixture entering the fur- 
nace was determined gravimetrically. Samples of 
the gas mixture were flushed with N, through an 
analytical train consisting of an absorption bulb of 
ascarite, a CuO furnace at 400°C, and a second 
absorption bulb of ascarite in serie The ratio of 
the weight gain in the first absorption bulb to that 
in the second bulb was converted to give the volu- 
metric SO./CO ratio of the gas mixture entering the 


Table II. Loss of Sulfur in Slags Charged High in Both Ferric Iron 
and Sulfur at 1550°C. SO. Atm 


Charge Composition, Wt Pet Analysis, Wt Pet 


Time 


sample fe O Min feo oO 


furnace. CO, was not added as such to the mixture 
it was formed in the furnace in amounts calculable 
from thermodynamic data to be given in a later sec- 
tion, Table I 

Mixtures of purified SO, and oxygen were also 
prepared. Flow rates were controlled by bleeder 
columns, and room temperature composition wa 
established by calibrated flowmeters with accuracy 
of +0.5 pet. Using the free energy values given in 
Table I, the ga composition of heated SO,:O, mix- 


tures was calculated 
Chemical Analysis of Slags—The quenched sam- 
were removed from the crucibles and crushed 


ple 
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in a Plattner’s diamond mortar to pass a 40 or 60 
mesh screen with precautions to prevent oxidation 
A portion of each of the slag samples was dis- 
solved in air-free hydrochloric acid saturated with 
CO,. Usually one portion of a sample was used to 
determine total iron, and a second portion was 
titrated for ferrous or ferric iron using KMnoO, or 
TiCl,. The presence of sulfur in the samples com- 
plicated the analysis because not all the sulfur was 
evolved as H.S when the samples were dissolved 
Some of the S_ produced on dissolving was oxidized 
to elemental sulfur by ferric iron. It was necessary, 
therefore, to determine the amount of H,S evolved 
on dissolving each sample to correct the Fe", Fe 
contents obtained from the titration analyse 

The sulfur contents were determined by two dif 
ferent method 1) combustion of the slag with CO 
to remove the sulfur as SO, and titration of this SO 
with KIO,; and 2) gravimetric determination through 
the precipitation of sulfur as BaSO, Gravimetric 
analysis of sulfate content was made on some 
samples 

In addition, analyses for lime, magnesia, and 
silica were made on some samples. These analyses in 
all cases confirmed the calculation of the calcium, 
silicon, and oxygen contents from the analysis of 
ferric iron, ferrous iron, and sulfur and the known 
ratio of lime to silica 

Approach to Equilibrium—Generally a slag sam 
ple was charged with a ratio of ferric oxide to fet 
rous oxide, with a sulfur content added as ferrous 
ulfide close to that which would result from equili 
bration with the particular va atmo phere Thi 
was done to shorten the duration of the experiment 
To be assured that equilibrium was being attained 
the sulfur equilibrium and the FeO equilibrium 
were approached from both side A portion of the 
samples was charged slightly high in ferric oxide 
and low in sulfur while the remainder was charged 
lightly low in ferric iron and high in sulfur. It wa 
impossible to charge very high in both ferric iron 
and sulfur because, immediately upon melting, the 
lag sample would evolve a sulfur gas which caused 


i 


Fig. 2—Sulfur equilibria in lime iron oxide slags at 1550°C 


$0. atm 
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Table Ill. 


Sulfur Analysis, W 


Charge 


sample Wt Pet Time FeO, 


t Pet 


CaO 


Sulfur Equilibria in Lime-lron Oxide Slags 


Atomic Pet 


Total 


Pure SO, at 1550°C 


= 


ven 
I 


so 


80,/CO 
15.0 
422 
422 


45.1 


were equil 


values were 


ravimetric analysis 


sulfur; other figure is for sulfate 


42.3 
22.1 
29.9 
$5.6 
0.00 
16.30 
47.50 


34.1 


0.007 


41.0 
10.6 


4.1 


ibrated simultaneously 


anal 


at 1550°C 
0 
0 
0 
0 
0 


950 
952 
042 


at 1600°C 
0.776 
0.926 
0.979 


at 1500 


ysis 


foaming and 
ented to illu 


were 


In Table II] data are pre- 
point. Two samples of 1.5 g 
individually to 1550°C, held for the 
indicated in atmosphere of SO, and 
quencher Both samples had foamed over the cru- 
cible. The loss of from the sample held for 
10 min can completely for the in 
content through the reaction } 

» 8 Fe i» O, + SO 

The required to reach equilibrium is illus- 
trated in Fig. 1 for lag containing about 12 atomic 
pet Ca under pure SO, at atmospheric pressure. The 
tudy did to determine the kinetics of 
tran intended to serve a 
equilibration -times. The plot 
with time of the ratio of ferric 
hereafter referred to )-ratio, 
for three different charge 


pillage 
trate thi 
raised 
tirne an 
ulfur 
account increase 
ferrous S 


iron 
B 


tirne 


al 
not propose 


fer, but 
selecting 


ulfur wi as 
in 

the 
total 


sulfur 


wuide 
how change 
as 


to 
the 


iron, 
content 


iron 
and 
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In series II, the sulfur content rose fal 

This is to be 
balance of this 
which favo1 
neared 
de 


increase 


compositions 
above equilibrium and then fell off 
expected, the initial 
lag dictated highly reducing condition 
increased sulfur content. Once the 
equilibrium with the SO, atm, the sulfur content 
creased, probably in the 
in j-ratio. It is impossible to give a complete kinetic 
treatment to the results, which are illustrative only 
The primary test of attainment of equilibrium in 
this investigation was made by approach from both 


because iron 


j-ratio 


accordance with 


sides 
Results 
Lime-lIron Oxide Slags—Table III summarizes the 
equilibrium data obtained. The effect of calcium on 
sulfur content of slags equilibrated with SO,-CO 
mixtures is shown in Fig Analysis for sulfate in 
slags exposed to atmospheres containing CO always 


TRANSACTIONS AIME 


| 
log 
‘ 15 18 80 59.95 21.25 0.01 12.0 001 0.741 | 
0 16.88 61.87 21.25 0.04 12.0 0.04 0.768 
18 88 59 85 20.17% 0.02 11.52 0.02 0.742 i 
14.90 50.14 21.96 0.00 12.38 0.00 0.740 : 
27.9 418.33 23.74 0.20 13.42 0.20 0.611 
214 0.10 12.33 0.10 0.637 
21.0 0 05 11.90 0.05 0. 708 | 
i 21.32 0.00 12.08 0.00 0.725 , 
20 65 0.034 11.72 0.034 0.726 | 
212 0.027 11.97 0.027 0.710 | 
17.4 0109 20.5 0.105 0 823 4.37¢ 
41.3 0.250 2242 0.237 0 902 
414 0.212 22.22 0.198 0.839 
4.5 0.220 23.92 0.208 0 845 40% 
29.8 0 044 16.57 0.043 0.767 40 
$3.4 0.084 18.38 0.081 0.825 90 
15! ‘ 17.55 0.032 10.00 0.030 0.695 82 
1582 00 15.45 0.031 8.90 0.028 0.700 57 
1584 0.0 279 0.046 15.50 0.045 0.797 67 
15H 0.7 279 0.032 15.53 0.031 0.763 12 
1587 00 18.5 0014 0.15 0.014 0.542 14 
1588 04 14.5 40 BS 0.60 0016 0.36 0.017 0 564 
1589 0.0 18.5 7.55 56 6.3 0.084 19.80 0.080 0.870 54¢ 
° 157) 02 4.0 “44 6.20 0.020 4.02 0.021 0.610 80 
1574 0.0 60 17.0 23.60 0 060 13.22 0 059 0 760 69 
e 1574 02 13.5 30.0 59 45 10.55 0.017 6.11 0.017 0.641 74 i 
1576 0.0 13.5 12.25 54.65 33.1 0.053 18.3 0.051 0 801 2! 
1977 0.0 10 11.55 58.9 19 49 0.06 5.54 0.064 0.627 BO 
1578 o4 4.0 23.4 59.25 17.3 0.05 9 85 0.050 0 696 80 
5.0 13.86 43.83 12.70 0.96 0.537 5.07 
150 1.0 5.0 26.64 44.18 16 42 0.80 0.598 5.12 | 
13.7 16.20 48 00 19.70 0 66 0.728 4.36 
118 14 65 62.5 46 0.00 0.962 0.330 4.16 
6.5 41 65 414 9.57 0.943 0.473 
421 0.7 59 11.14 409 25.82 0.995 0.768 4.52 
1.7 4.3 0.00 0.622 0.333 
10 44 26.4 17.48 0.915 0.590 
411 16 4.3 26.8 17.28 0 966 0.587 
4 Ss 6 1.5 40 102 43.8 125 23.952 120 0.794 4.33 
ila 0.50 40 13.3 “8 23.0 1.04 13.47 1.08 0549 11 
115 0.50 6.0 i194 454 33.5 1.06 18.70 1.03 0.672 492 
7 16 294 454 241 1.33 13.80 1.33 0 585 478 
18 16 5.0 448 “46 9.3 149 +52 1.55 0.477 445 
10 50 96 15.6 54.4 1.25 29.302 1.18 0.776 4a 
120 040 6.1 0.01 1.07 0.0 114 0.362 4.88 
00 6.1 total Fe « 0.06 995 0.77 0 002 0.677 
122 ao 6.1 total Fe 0.15 99.5 0.85 0.748 
12 68 17.98 42.42 19.1 1.35 11.13 1.38 0.501 5.18 
| 12 20.65 45.04 48 1.24 19.43 1.21 0.656 
12 68 49 61 41.39 8.35 1.48 1.56 0.428 491 
‘ ° 41 12 11.0 17.15 43.04 19.3 1.27 11.00 1.28 0511 5.31 
‘42 12 11.0 20.91 42.29 “4 1.30 20.2 1.27 0 646 495 $ 
12 110 50.56 19 10.7 1.34 662 146 0 404 542 
12 15.1 63.80 490 0.001 1444 0.00 1.55 0 330 
12 16.2 23.5 “45 18 1.36 17 49 1.34 0 631 05 
* Brackets indicate that 
Not calculated, all other (0 —! 
Pot fur t 
iifate wae found t inalysis 
ZA lid phase was present 
* Not included ts erage log 1 
Caletu reported as CaO 
For samples showing (ots) mei 
tt Charged e content 
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Wt Pet 


Sulfur Equilibria in Lime-lron Oxide Slags (Continued) 


Atomic Pet 


Total s* 


st 1500 


926 


2 8250), 


Beyon 


linear 


ulfur 


$4.1. ¢ 


cated 
Othe: 
cussed 


tion of 


d 2 


in 


rie 


mo 


prove d negative 


34.1, increase 


cium content 


ample wa 
CaS, and the other 
au solid solubility 


aspects of 
] 


upport the 
to lime 


SO.-O. atm 
ample close 

ulfate under 
SO./CO 
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pure 


Therefore 


ly between 22.5 and 50 pet ¢ 


Two 


Analytical 


evidence 
that, 


conclusion 


aturation, 


that required to reach lime 
pet Ca two pl ast 


with no 
of CaS in CaO of 


urve 


SO 


Fo! 
of calcium fa! 
aturation 


ulfur 


ection at 50 pet Ca corre pondu 
olid lime 
were equilibrated with an atmosphere of SO 
charged with ¢ 


ulfur 


the 


were 


lime and liquid of constant composition 
olid to liquid increasing with in 


v 


id 
in 


Nia 


data for 
the slag 
present 


atmosphere 


in ¢ 


were 


pre 


ent 


the 


content 


ample 


sulfur 


of 


to the 
of powdered lime 
CO 

$9 pet S added a 
ult 


The 


re 


i 


pi 


‘ of 
made 
olid 


reasing cal 
hould 
with the 


Vary 


inter 


olubility of 


42 
il] 


rie 


indi- 


34.1, the effect of 


For the atmo phere 5O./CO 


additions of calcium on sulfur content at tempera 
tures of 1450 1500 1550 , and 1600°C was dete! 
mined, Fy +. The data for 1500 and 1600°C are 


fragmentary. Fig. 4 shows that temperature varia 


ons have no effect on the relation between calcium 


content and ratio. Increased temperature results 
n the development of greater oxygen pre ures in 
th atmosphere which would give rise to higher 


atios if this were the only effect of temperature 
Larson also found this behavior under CO,-CO mix- 
ure It is certain that temperature can have an 
effect on the relationship between ferric iron activ 
ty and ferrous iron activity, and on the activity 
coefficients of each. It is impossible to isolate these 

Fi; » shov that 4 pet O, added to SO, results in 
increased sulfur content indicating that sulfur i 
present a ulfate. The samples containing about 0.) 
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| BY 
| 
Sulfur 
Charge leg p 
« 34.1 at 1550°¢ 
° 415 13 15.0 64.0 47 0.00 181 0.00 194 0.326 Te 
11 15.0 41.2 42.2 14.75 1.76 929 181 0 480 
417 11 15.0 16.1 43.85 94 1.749 21 0.710 
CO «34.1 at 1450°¢ 
7.0 $3.57 43.63 22.0 1.81 12.72 18 0.539 
12 7.0 26.39 43.78 29.1 1.78 6.57 177 0.598 
1.1 70 18.19 43.81 7.2 193% 20 78 1 88 0 684 
| 2.1 13.0 “42 of 209 224 
407 20 13.0 26.3 12.9 299 1.81 17.02 1 80 0 595 : 
408 2 13.0 159 4% 2 008 2 iz 1o4 o710 
SO, CO<20 7 at 1550°¢ 
302 0.0 5.6 18.3 414 19.3 2.02 11.3 2.05 0.492 5.40 
303 19 56 28.0 12.6 284 2.12 16.25 2.12 0.578 
304 0.0 5.6 16.3 43.0 9.4 262 2202 256 0.703 45.25 
0.0 15.2 “40 9.5 24 22 OZ 2.6 0.722 5.10 
424 2.0 23.0 64.38 41.54 00 2 40 00 2 60 0 406 5.43 
425 2.3 23.0 21.8 204 12 70 208 ~ 
426 26 23.0 7 203% 19 08 201 
so, CO. 196 
F 311 0.0 44 14.3 434 204 1.46 12.34 147 0.532 
312 19 44 26.3 45.0 27.9 1.61 15 89 1.60 0 606 ee, 
413 00 44 18.1 452 9 15 20.00 149 0691 
Son CO 20.5 at 1450°¢ q 
$08 0.0 6 14.8 43.3 i127 1.95 0.545 
19 4 27 43.7 279 201 15.95 200 0 500 
| 110 0.0 18.2 46.2 46 1 96 19 48 192 0.695 
so, CO at 1550" 
0.0 40 w4 26.7 651 15.7 “67 0.541 
7 10 44 29.0 611 70 625 0.468 644 
SO, O pet at 1550°¢ 
{7 00 62 28 45 71 00 0.0324 002g 0.045 0692 
174 00 “2 total Fe 012 ia 8 ua 
19 GSO, 
° 376 05 7.0 71 68 05 202 0.035 11 42 0.029 0841 
377 00 70 “41 287 0140 0 804 
0 
378 0 70 104 75, a6 on 21.50 10 0945 poe 
2 
sO. {pet Oy at 1500°¢ 
182 00 40 283 708 00 0.02 002 002 0 
6.0 8.02 66.7 25.1 0 005 13.95 0 09% 0 
0 28580, 
384 0.0 6.0 4.30 9-7 3.7 
7 pet Oy at 1950" 
10 10.3 42 00 0.100 
0.0 22.97 71.90 42 24 0.738 
kets indicate that sample were equilibrated multaneou 
Not calculated other CaO were 
Tot ilfur b mbustion or gravimets 
A solid phase was present 
* Not included in average 
clur nalysis reported as CaO 
For ples showing total sulfur, other figure for ilfate ana es 
tt Charged lime content is 
ae 
— 
= 
| ; 
Z 
= 
Se 
; 
the @ Piz. 2 w m di 
later 


Table IV. Equilibria in Lime-Silica-lron Oxide Slags 


Analysis, Wt Pet Atomic Pet 


Selfur 
Charge 
Sample Wt Pet Time, Mr Fe” 810 Total Ca si 


25.10CaQO 
12 20810 


4.1 at 1600°¢ 


8.18CaO 
12.11 Tota 
‘ “41 24.5 099 10.53 

2 01 146 07 4390 4CaO 0.33 27.152 12.55 
3810 


1.02980), 


00 120 2.17 21.95 74.3 0 925% 23.80 10 65 0 760 902 
10980, 


Ca0/Si0 1.275 
14.19 


14.18 


63 25 04 22 48CaO 0.45 11.58 ao9 0409 0.400 
18. 30810 
02 924 197 48 0.05 20.95 16 0.039 0 279 


SiO 


11.23 


2 

05 75 24.16 18.00 74 0.300 15.23 11.94 0.206 0.401 
45 75 8.48 465 RH 5 0.142 20 75 0110 0.330 

00 7.5 total Fe 1.20 98.0 0049 22.74 17.81 
155 07 42.21 29.70 27.4 0.88 8.15 641 0 388 
16.21 10.01 73.7 0.125 1844 14.47 0.35 
7 470 12.6 1.35 4.10 18 0 388 
i548 06 67.0 2.1 227 48 0.58 12.43 9.75 0.518 0 389 


CaO S10 


i pet ©, at 


79 00 14.5 10. 30 14.6 1.0 0 095 13.55 10 60 0 082 0.772 
o4 14.5 806 i24 0.087 15.37 12.04 0.07 0.743 
Hl 00 145 00 00 49CaO 0 2955 23.50 17.60 0 222 


408510 12380, 


7 pet at 1550°C 


10.10 0 046 0 #09 


415 26 0.053 13.27 
21. 90810 

au o4 265 408 19.63 0.210 18 ! 

265 00 00 74.1 0 480 22.85 


st 1550°¢ 


wa 
total Fe 0.16 99.5 0049 12.95 24.72 0.034 


13.5 
ou 40 “1 0.7 126 1.05 

1948 2% 


Oy» at 1950°¢ 

23.0 15.10 23.43 615 915 17.50 0.014 0 583 
o4 23.0 11.43 16.45 722 0.026 10.33 19.70 0 020 563 
wai7 00 23.0 total Fe « 1.69 97.8 0.039 12.73 244 0.027 


Brackets indicate that samples were equilibrated simultaneous! 


dual ana ‘ il) other were calculated 


in b cor r gravimetric anal is 
for sulfate analysi 


ulfur 


pet S and higher were analyzed for sulfate, and the tion with pure SO, is compared with the more ox- 


analyses showed that sulfate content could account idizing atmosphere. It is quite conclusive that 
for total sulfur content. With sulfur present as sul- under pure SO, and SO,-O, mixtures, sulfur is pres- 
fate, it is to be expected that increased temperature ent as sulfate in slags with calcium contents neat 
would decrease sulfur content because of the greater lime saturation 
instability of multiatom groupings at higher tem- Lime-Silica-Iron Oxide Slags—To investigate the 
peratures. In contrast to conditions where sulfide is effect of lime and silica jointly three master slag 
predominant, calcium has a very marked effect on mixtures were used. These were the slags used by 
ulfur content. A sample of powdered lime was ex- Larson and Chipman and had molar lime-to-silica 
posed to the atmosphere SO,-O,, 3 pct O,, for 6 hr at ratios of 0.524, 1.275, and 2.235. Additions of these 
1550 °C. The sample fused, and on quenching there mixtures were made to cover the entire range from 
was no evidence of a solid phase although the sam- pure iron oxide to pure lime-silica mixture. The 
ple analyzed approximately 50 pet CaO and 50 pet data obtained are summarized in Table IV 
CaSO, It is not known whether or not a longer ex- Fig. 6 shows sulfur equilibria in these slags at 
posure would have resulted in the lime being com- 1550°C for an atmosphere of SO,/CO 34.1. Sulfur 


content, atomic pct, is plotted against the slag com- 


pletely converted to CaSO, The data for equilibra- 
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‘oil 
— 
80, CO «42.43 at 1550°C CaO SiO 2.235 
O48 40 27 0.79 14.59 605 0.73 0 522 
| 
( 80)/CO CaO SiO; = 2.235 | 
ia 05 = 6 80 12.90 80 20 026 25.3 11.33 021 0 631 | 
CO 41 at CaO SiO 2235 
2 2 29.0 13.35 6.3 0 87 1? 75 5.71 0.79 0 508 
07 15.4 21.5 243 3.9 0.55 18.41 822 0.49 0 504 
10 154 12.70 17.35 69.7 045 22 40 10.12 0.38 0 4 
‘4 09 0444 
130 0 39690 
0.95 0453 
024 
SO, 0 7 pet O, at 1550°¢ 2.255 
02 120 542 “470 4194 02538 16.78 7.53 0 222 0 B82 
so), CO 42 3 at 1590"¢ 
CaO SiO, 1.275 
. 
0812 
467 0.167 
7.95 0.460 
SO, CO. CaO 0.524 
1235 52 0.263 
. 0189 
1.52 22.01 22 0.182 
2.39 459 1.06 0.330 
408 948 0.52 0.296 
Tota 
For sampl 
A solid phan enent 


Fig. 3—Sulfur 
equilibria in lime 
iron oxide slags 


$0./CO 34.1 atm 


position parameter (calcium + 3/2 51), atomic pet 


This parameter was used because it has the same 


value for a given iron content regardles of the 
calcium-to-silicon ratio. This can be shown by com- 
bining an electron balance with a total material 
balance to give the relation V,, + 3/2 N + N, 
5/4 N, 5 O, where N is atomic pet. Thus, addi 
tions of the three lime-silica mixtures can be com- 
pared over the same numerical range 

Larson has discussed the 
the lime-silica-iron oxide slag 


phase relationships in 
investigated here 
The two lower ratios are single -pha ec liquid through 
out the entire range of composition 
2.235 CaO/SiO. mixture results in the formation of 
a solid phase when present in large quantity. The 
evidence is that the solid phase formed is not pure 
ilicate. The 
ratio greater than that in the liquid 
The exact point at 


dicalcium olid definitely contains iron 
oxide with a 

with which it 1 
which the solid begin 
curately. However, the slag sample containing the 
preatest addition of 2.235 CaO/SiO, shown on Fig. 6 
was definitely two-phase. Fig. 7 show 


in equilibrium 
to form cannot be located ac 


iron equil- 
ibria in these slag mixtures at 1550°C for the same 
gas atmosphere 
Fig. 8 shows the variation of sulfur content unde! 
SO.+0, at 1550°C with additions of the three lime 
Sulfate analyse howed that 


ilica-iron oxide slag 


ilica mixture again 
the sulfur content of the lime- 
trongly oxidizing atmosphere 
ulfate 

Slags Containing Magnesia—The solubility of 
magnesia in FeO at 1550°C is small, amounting to on- 
ly 2.3 atomic pct Mg in slags which are in equilibrium 


under the is present 


predominantly a 


with liquid iron. In slags of higher ferric oxide con- 
tent such as those of samples 363, 364, and 403 shown 
in Fig. 6, the solubility is probably higher; ever so, 
the two latter slags contained a solid phase. Thi 
olid is not pure MgO, but a solid solution of MgO, 
FeO, and Fe,.O, covering a wide range of composi- 
tion. The j-ratio of the liquid slags is shown on Fig 
7. The points marked S on Figs. 6 and 7 are for 
amples containing magnesia and 1.275 CaO/SiO 
as given in Table V. The molar ratio of (MgO 

CaO) to SiO, was 2.20 and 2.14 for 404 and 
405, respectively. The liquid 
of almost exactly the same com 


ample 
were single 


ample 


pha ec T wo lag 


position were equilibrated at 1600°C 
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However, the 


Fig. 4—Iron equilib 
ra in lime-iron 
oxide slags 


$0./CO 34.1 atm 


Discussion of Results 


Thermodynamics of Sulfur Gases At high tem 
peratures SO, dissociates into SO and O,. There 1: 
ociation, to a lesser extent, into S ulfur, 
and oxygen and the possibility for formation of SO 
In mixtures of SO, and CO, there is a substantial 
amount of CO, and the possibility of some COS 
Thermodynamic properties of most of these 


al ) di 


speck 
have been known for a long time, but those of 5O 
and sulfur were very uncertain until the data of 
Table III had been determined. These data, in com 
bination with the oxygen pressure data determined 
by Larson and Chipman” for the same slags, e 
tablished the oxygen pressures in SO, and in the 
SO.-CO mixtures used, Thi 
everal competing interpretations of the 
pectrographic data, thus fixing the di 
tant of SO., the heat of formation of SO, and that of 
dissociation of S 

A full account of the calculations and a review of 
the data on 


led to a clear-cut choice 
between 
ociation con 


ulfur gases has been presented by the 


Fig. 5—-Sulfur equi 
libria in lime-iron 
oxide slags. 
atm 
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Table V. Equilibria in Magnesia-Lime-Silica-lron Oxide Slags 


Selfur 
( harge 


Sample Wt Pet MeO 


co 


Analysis, Wt Pet 


Atomic Pet 


S10, Tetal 


0 898 
0.354 
0.229 
0.082 


0.075 


0.093 
0.070 


0 025 


0.105 


ummarized in the 
free energy equations of Table I, which represent 
the data at 1623°K and are of practical usefulne 
over a wide range of temperatures. The new data 
also required a slight correction” in the reaction of 
hydrogen with dissolved sulfur in liquid iron; the 
corrected equation and that for solution of 5S, In 
liquid iron are included. The data show that, in the 
SO,-CO mixtures employed, the principal molecular 
pec are SO,, CO, CO, SO, S,, and O Partial 
pressures of the more important constituents at 
everal temperatures are shown in Figs. 9 and 10 

Effect of Slag Composition on Sulfide Equilibrium 

Reaction Eq. 1 can be written in terms of ionic 
constituents 

+ 1/258, S + 1/20, 

The equilibrium constant of reaction Eq. 3 1 


author The pertinent data are 


as 
K, 
a 
which can be put in the form 
do 


(% S) = K, [5] 


The quantity (% S) (ps) has been 

ulfide capacity by Richardson and 
related to the foregoing equilibrium 
follow 


given the nare 
Fincham.” It 
expre ions 


(% S) (pe) ado 
K, [6] 


The experimental data provide direct determina- 
tions of C, and relative values of the ratio a, /y 
The experimental results indicate that additions of 
lime to iron oxide slags containing Sion, up to lime 
aturation, produce a slight lowering in sulfur con 
tent. Applied to the data of Figs. 2 and 3, Eq. 6 in 
dicates that there is no more than a 25 pet lowering 
in the ratio of oxide ion activity to activity coeffi 
cient of sulfide ion between pure tron oxide slag 


and lag aturated with lime Thermodynami 


data are available for the reaction 


FeO (1) CaS (s) FeS (1) CaO (s) [7] 


43040.16T, 
reaction 


At steelmaking temperature \F 
which gives an equilibrium constant for 
Eq. 7 of 0.82 at 1550°C. This indicates a nearly 
equal distribution of sulfur between iron and cal- 
cium and suggests that » may be essentially inde 


pendent of calcium content in lime-iron oxide slag 
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Bardenheur and Geller” concluded from slag- 
metal investigations that CaO was a better desul- 
furizer than FeO. They found that the distribution 
ratio of sulfur between slag and liquid iron increased 
when lime was substituted for iron oxide, and this 
observation has been confirmed many times. Con- 
ditions of constant gas composition are very differ- 
ent from those in slag-metal equilibrium where the 
oxygen pressure decreases markedly as CaO is sub- 
tituted for FeO; and it will be shown that, for con- 
ditions of equal oxygen pressure, the two oxides are 
approximately equal in desulfurizing power 

Richardson and Fincham found from their studies 
on silicate melts that, for a given oxygen pressure, 
CaO-SiO, slags have a lower sulfur capacity than 
FeO-SiO, slags. They attributed this to the greatet 
metal oxide activity in the ferrous silicate slags. It 
is only for the rather acid slags containing more 
than 33 mol pet SiO, that this statement is valid 

The effect of silica additions on sulfide content Is 
hown in Fig. 6. The replacement of silicon for 
calcium at constant iron content results in a decrease 
in the ratio a. -/y. The high strength of the Si-O 
bond produces low oxide ion activity when silicon 
contents are appreciable. Fig. 11 shows the direct 
relation between sulfur content and silicon content 
at constant oxygen pressure in CaO-SiO,-FeO-Fe,O 
lags. The data for the three CaO: SiO, ratios are best 
fitted by a single curve, and hence in this composi- 


Fig. 6—Sulfur equilibrio in iron oxide slags at 1550°C 


$0./CO 34.1 atm 


TRANSACTIONS AIME 


1 
Me Ca si | 
80,/CO 4.1 at 1550°C 
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Fig. 7—Iron equilibria in iron oxide slags at 1550°C. SO./ 
CO. 34.1 atm 


tion range and at constant oxygen pressure, FeO and 
CaO are equal in their ability to hold ulfur. The 
interaction of sulfide and silicate to any appreciable 
extent is unlikely since Si-S bonds are far weake! 
than Si-O bonds 

The actual sulfur capacity of these slags is shown 
in Fig. 12, where log C, is plotted against molar per- 
centage of SiO,. It must be noted that the data cove! 
a wide range of iron oxide content and that within 
this range of composition C, is a function of the ilica 
concentration. The shape of the curve is similar to 
those of Richardson and Fincham, and the values of 
C. are not greatly different from their data for high 
FeO slags in equilibrium with liquid iron 

If it is assumed that y, is not varied appre¢ iably 
over the range of sulfur contents shown in Fig. 11, 
then oxide ion activity is directly proportional to 
sulfur content, and Fig. 11 shows the relative change 
in a produced by variation of silicon content. Up 
to 10 pet Si the data of Fig. 11 determine a straight 
line, which means that a is a linear function of 
ilicon content in this range It 1 ignificant that 
the linear portion of the curve extrapolates to zero 
ulfur at an atomic fraction of silicon of about 13 
In any mixed orthosilicate of calcium and ferrous 
ion, the atomic fraction of silicon is 14.3, The differ- 
ence is due in part to the presence of ferric oxide 
Allowing for the additional oxygen prest nt in 
Fe,O,, the ratio (CaO + FeO)/SiO, becomes 2 at 
about 12 atomic pet Si. Similarly, the metasilicate 
composition, (CaO + FeO)/Si0, 1, is reached at 
about 19 atomic pet Si. Here the sulfur content of 
the slag has reached a very low figure, correspond- 
ing to a low value of dy 

From Fig. 6 it is seen that additions of MgO to iron 
oxide greatly lower sulfide-sulfur content both in the 
ingle liquid phase region and in the two-phase, 
olid and liquid, region. Fig. 7 shows that MgO ha 
about one half the effect of CaO on the j-ratio, 
which is in agreement with the conclusions of La! 
on. Its effect on this ratio is about intermediate 
between that for additions of 1.275 CaO/Si0 and 
2 235 CaO/SiO,. Its effect on sulfur absorption | 
much greater than this Accordingly, it must be 
concluded that addition of MgO to iron oxide slag 
yreatly increases y This is supported by consid 


eration of the reaction 


FeO (Ll) + Mgs (s) FeS (lL) + MgO (s) [8] 


At steelmaking temperatures,” 4F 21,270 + 0.267 
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Fig. 8—Sulfur equi- 
librra in lime-silica 
iron oxide slags at 


1550°C. $O.:0, atm. 


Fig. 9—Sulfur and 
oxygen pressures re 
sulting from heating 
$0..CO mixtures to 
1450°, 1500°, 
1550°, and 1600°C 


Fig. 10—SO, and 50 
pressures resulting 
from heating $0,-CO 
mixtures to 1450°, 
1500°, 1550°, and 
1600°C 
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Fig. 11—-Direct re 
lation between sili 


‘ con and sulfur con 
tent in CaO-SiO 
FeO-Fe.O, slags at 
1550°C. $0./CO 
34.1 atm 


Fig. 12—Sulfur ca 
pacity C 
S) (po./ps)"* in 
lime -silica-iron 
oxide slags 


‘wt % 


which give 
1550 °C. Thi 
in molten slag 


an equilibrium constant of 2.6% 10° at 
indicates that the degree of association 
ulfur is 
; than that between ferrous iron 
However, this would only account for a 

ulfur content caused by dilution of 
ferrou iron with magnesium, which would be 
light. The data thus indicate that magnesium must 
have an effect on the ability of Fe-S bonds to form 
In Fig. 6, the two data points marked S represent 
lags of the series CaO/SiO 1.275 to which 17 pet 
MgO has been added (samples 404 and 405, Table 
V). The sulfur content of these samples was the 
ame as would have been found if an equivalent 
quantity of the 1.275 CaO/Si0O 
instead of MgO 
in Fig. 7 are indicative of a more basic slag 
peal therefore, that MgO contribute 
ion concentration, but not to the desulfurizing power 
of the slag. Thus again magnesium increases y, 
but the effect is smaller than in the case of the iron 
A po in the 
fact that viscosity and surface energy measurement 
indicate that magnesium can take on a coordination 
ilicate melt The location of 
magnesium in this manner would prohibit its having 
an effect on the ability of Ca-S or Fe-S bonds to 
form. It seems reasonable that the lessened effect of 
MgO on in the lime-silica-iron oxide slag might 
have been caused by 
taking a coordination number of four 

In general, the results of Harde1 Grewe, and 
Ocelsen” behavior of MgO, 
showing that magnesium silicate slags were unable 
to desulfurize molten iron, whereas the correspond- 
an appreciable sulfur 


between magnesium and 
probably much Ik 
and sulfur 

lowering of 


lag had been added 
hown 
It ap- 
to the oxide 


The corresponding j-ratios 


oxide slag ible explanation for this lie 


number of four in 


a portion of the magnesium 


upport the observed 


ing calcium silicate effected 


1482—JOURNAL OF METALS, OCTOBER 1956 


removal. Richardson and Fincham found the sulfur 
capacity of MgO-SiO, melts to be far less than that 
of CaO-Si0, melts. 

Sulfate Equilibrium—Reaction Eq. 2 can be writ- 
ten in the form 


+ 1/258, (g) 3/2 O, (g) SO, [9] 
and the corresponding sulfate capacity according to 
Richardson and Fincham is 


(% S) 
K [10] 
(p»,) ( poy) yr 


measured under conditions where the sulfur is pres- 
ent oniy as sulfate 

The effect of calcium content on sulfate equilib- 
rium entirely different from its effect on sulfide 
equilibrium, as seen by Fig. 5. A thirtyfold decrease 
in the activity coefficient of SO, , reaction Eq. 4, is 
realized by increasing calcium content from 12 to 
22 pet. This indicates that the degree of association 
between Fe" or Fe’ and SO, is far less than that 
between Ca” and SO, . The data also show that, in 
iron oxide slags containing less than about 10 pet 
Ca, sulfate does not form 

The effect of silicon content on sulfate equilibria 
is shown by the relative positions of the several 
curves of Fig. 8, which indicate that, for a constant 
iron content, the substitution of silicon for calcium 
lowers the sulfate content. The substitution of sili- 
con for iron results in an increase in the fraction of 
positive charge held by calcium and, therefore, in- 
creases the availability of calcium- 
sulfate bonds. Apparently the net result is that the 
substitution of silicon for iron decreases ys, in 
exactly the same proportion as it decreases do It 
has already been shown that calcium greatly de- 
, and the lime-silica results indicate that 
the presence of silica does not interfere with the 
relation. This means that the bonding of calcium 
ions to silicate ions is not as strong as to sulfate ions 

Effect of Atmosphere on Sulfur Equilibria—The 
effects of variations in sulfur and oxygen pressures 
are shown by Eqs. 3 and 9. It is convenient to ex- 
press these in terms of SO, and O, pressure through 
combination with the dissociation reaction of SO, 
into S, and O,, Table L. 


calcium for 


Creases yao, 


O + SO, S 3/20 [11] 
O~ + SO, 1/20 SO, [12] 


In the present investigation, SO, pressure varied 
from 0.72 to 1.00 while O, pressure was varied from 
1.6 x 10° to 7 x 10 The equilibrium constants of 
reaction Eqs. 11 and 12 can be rearranged to yield 


the expressions 


K (po) {13] 

Ys 

(SO, ay 
K [14] 

pe. 


Sulfide and sulfate contents are in terms of atomic 
pet S. These equations show that a plot of the 
logarithm of ‘ S/p 
oxygen pressure for a constant calcium and silicon 
content has a slope of —1.5 when sulfur is present 
as sulfide and a slope of +0.5 when present as sul- 
fate, provided that the effect of oxygen pressure on 
is not great. Fig. 13 shows that 


against the logarithm of 


ay", and 


TRANSACTIONS AIME 


| | 


the experimental data obey 
onably well. Three slags covering an extremely 
wide range of composition are shown 

The data can be extended to low oxygen pressures 
to include slag-metal data”” by means of the free 
energy data given in Basic Open Hearth Steelmak- 
ing. These are shown by a representative average 
line for oxygen pressures below 10° atm. It is seen 
that a line with slope of 1.5 drawn through the 
experimental determinations of this investigation 
passes through the slag-metal equilibrium data 

If data were available for oxygen pressures close 
to the intersections of the sulfate and sulfide lines 
on Fig. 13, the values of (‘7 S)/pse. would probably 
be greater than those given by the intersection. At 
these oxygen pressures, both sulfide and sulfate 
would be present in moderate amount, and the 
curves for a given calcium and silicon content should 
join with a smooth minimum. There is a strong pos- 
ibility that pyrosulfate, 5,O is formed in the re- 
gion of the minimum as indicated by Darken, 

Effect of Temperature on Sulfur Equilibria—!t ha 
already been shown in Fig. 5 that in the sulfate 
range an increase in temperature decreases the sul- 
fur content of the slag. A similar relation for sul- 
fide-sulfur is shown in Fig. 14. It should be noted 
however, that the conditions of the experiment are 
for a constant ratio of SO./CO, and not for constant 
pressures of O, and S,. The sulfur capacity of the 
lag as measured by the ratio (‘7 S) (po./p») in- 
creases strongly with increasing temperature. Hence 
in these slags, if partial pressures of O, and 5, were 
maintained constant, the sulfur content of the slag 
would increase with rising temperature 


the requirements rea- 


Conclusions 

Sulfur equilibria between gases and slags are ade 
quately described by the reactions 

O (slag) + 1/258,(g) S (slag) + 1/20, (g) 
(slag) + 1/258,(g) + 3/20,(g) SO, (slag) 
The first is controlling at oxygen pressures | than 
about 310° atm, while the second governs sulfur 
content at oxygen pressures greater than about 
310° atm. The equilibria have been studied in ga 
mixtures of SO, with CO or O, in which the partial 
pressures of 5S and O, are known 

In lime-iron oxide slags at constant atmospheri 
conditions, the substitution of CaO for iron oxide 
lightly decrease ulfide content and greatly in 
crease ulfate content 

Addition of silica to lime-iron oxide slags lowe! 
the sulfur content under a given atmosphere because 
of the lowering in oxide ion activity. In the ternary 
basic slags CaO and FeO have about the same effect 
on sulfur absorption at constant oxygen pressure 


Fig. 13—Effect of oxygen pressure on sulfur equilibria in 
iron oxide slags at 1550°C 
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Fig. 14—Effect of temperature on sulfur equilibria in iron 


oxide slags. SO./CO 34.1 atm 


Magnesia additions to slags increase the activity 
coefficient of sulfide ion, which favors low concen 
tration of sulfur in slag 

For a constant input gas composition, the sulfur 
content of the slag decreases with increasing tem- 
perature. In view of dissociation in the gas, it 1 
found that in the sulfide range at constant oxygen 
and sulfur pressures, the sulfur content of the slag 
increases with increasing temperature; in the sul 


fate range, it decreases 
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Technical Note 


Matrix Phase in Lower Bainite and 


Tempered Martensite 


HAT bainite formed near the M 
triking resemblance to martensite tem 
hown by 
the electron microscope.’ By means of electron dif- 
been established that « carbide and 
cementite are present in bainite formed at 500 F 
(260°C); these carbides are also found in martensite 
tempered at 500 F (260°C) 

The investigation reported here is concerned with 


temperature 
bears a 
pered at the same temperature has been 


fraction it ha 


an X-ray study of the matrix phases in lower bainit 
and tempered martensite. These phase have turned 
tructure; the matrix of 


while that of tem- 


out to be dissimilar in 
bainite is body-centered-cubk 
pered martensite is body centered-tetragonal 

A vacuum-melted Fe-C 


tudied. Specimens of % in. diam were 


alloy containing 1.43 pet 
C wa ealed 
in evacuated silica tubing and au tenitized at 2300 °F 
(1260°C) for 24 hr. One specimen wa 
into a salt bath at 410°*7°F (210°*+4°C), 
16 hi 
ture consisted of about 90 to 95 pet bainite, the re 


quenched 
held for 
and cooled to room temperature, The struc- 


mainder being martensite and retained austenite 
A second 
itizing temperature into iced brine and then into 


pecimen was quenched from the austen 


liquid nitrogen. It consisted of about 90 pet mal! 
tensite and 10 pet retained austenite The latter 
pecimen was tempered for 10 hr at 410°+2°F 
(210° *1°C) 
The specimens were then fractured along prio! 


austenite grain boundaries (grain size about 2 mm 


diam) by light tapping with a hammer Single au 


tenite grain mostly transformed, were etched to 


about 0.5 mm diam and mounted in a Unicam ingle 
crystal goniometer, which allowed both rotation and 
oscillation of the 
measured by the technique of 
Lyssak This method take 
that martensite and lower 
austenite by the Kurdjumov-Sachs orentation rela- 
tionship Thu the (002) and the (200) (020) 
eparately, permitting 


Lattice parameters were 
Kurdjumov and 
advantage of the fact 


ample 


bainite are related to 


reflections can be recorded 


the c and a parameters to be determined without 
interference from overlapping reflections 

According to these findings, the matrix phase in 
bainite is body-centered-cubic and, within exper! 
mental error, has the same lattice parameter a 
ferrite (2.866A). On the other hand 
tempered as above, retains some tetragonality, with 
a c/a ratio of 1.005*0,.002 

Most 


buinite 


martensite, 


workers in the past have assumed that 
generated from austenite as @ supe! 
aturated phase, but the nature of this product has 


not been established. The question arises as to 
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by F. E. Werner, B. L. Averbach, and Morris Cohen 


whether bainite initially has a tetragonal structure 
and then tempers to cubic, or if it form directly a 
a cubic structure. If it forms with a tetragonal 
lattice. it might well be expected to temper to the 
cubic phase at about the same rate as tetragonal 
martensite 

The martensitic specimen used here was given 
approximately the same tempering exposure 10 hi 
at 410°F. as suffered by the greater part of the 
bainite during the isothermal transformation About 
50 pet bainite was formed in 6 hr at 410°F. On 
tempering at this temperature, martensite reduces 
its tetragonality within a few minutes to a value 
corresponding to 0.30 pet C. Further decomposi- 
lowly, and after 10 hr the c/a ratio 
1.005. Thus, even if the 
a tetragonal phase with a 


tion proceed 
i till appreciable, Le 
bainite were to form as 
tetragonality corresponding to only 0.30 pet C, which 
might be assumed to coexist with « carbide, it 
would not be expected to become cubic in this time 
It seems very likely, therefore, that bainite forms 
from austenite as a body-centered-cubic phase and 
does not pass through a tetragonal transition The 
carbon content of the cubic phase has not been de- 
termined. but it could easily be as high a 0.1 pet 
within the experimental uncertainty of the lattice- 
parameter mea urements 

It has been postulated” that retained austenite 
decompo 


martensite tempered at the same temperature There 


on tempering into the same product as 


is now considerable doubt on this point The iso- 
thermal transformation product of both primary 
and retained austenite at the temperature in ques-~ 
tion here is bainite,” and the present findings show 
that bainite and tempered martensite do not have 
the same matrix 


Acknowledgments 
The authors would like to acknowledge the finan- 
cial support of the Instrumentation Laboratory, 
Massachusetts Institute of Technology, and the 
United States Air Force 


References 

Electron Microstructure of Steel, Proceedings ASTM, 1950, vol 
( 4a4 

Austi und ¢ M. Schwartz Electron-Diffraction Stud 
f lron Carbides in Bainite and Tempered Martensite Proceedings 
ASTM, 1952 ‘ 92 

H Jack Structural Transformations in the Te pering of 

High-Carbon Martensiti« Steeis Journa ror nd Stee Inst 1951 

169, p. 26 

Kurdjunve und L. Lyssak: The Application of Singt stals 
to the Study of Tempered Martensite Jour? Iron and Stee! Inst 
i947 29 

BS. Lement, B. I Averbach, and M. Coher Microstructural 
Changes « Tempering Iron-Carbon Alloys ASM Trans., 1954, vol 
af i 

G. V. Smith and R. F. Mehl: Lattice Relationships in Decompo 

or { Austenite t Pearlite, Bainite ind Martensite 
1 1942 0, p. 211 

We BI Averbach, and M. Coher The Ter 
fl Carbon Martensite Crystals. ASM Tran 1957 ol 

‘ S Rober BI Averbach, and M. Cohen: The Me 
ind Kinetk { the First Stage of Tempering ASM Trans 

45. 5 7¢ 

J Crangle and W jucksmith: Magnetic Analysis of lron-Carbor 
Alloys our Iron and Steel Inst 1951, vol. 168, p. 141 

Ballufi, M. Coher snd B. Averbach: The Tempering 


ASM Trans., 1951, vol. 43, D 497 


Chi Steels 


TRANSACTIONS AIME 


AIME OFFICERS: 


AIME STAFF: 


PRESBIOENT 
PAST-PRESIOENT 
PRES (OENT-ELecr 


“ae €. eine 


MEIN 
TREASURER 


SECRETARIES 


"en 


TREASURER 


FIEL©O SECRETARY BECY 
BL. 0G Lane 


The Pittsburgh Section AIME, in 
cooperation with the Engineers’ Soci- 


] 


) 


PROGRAM 


Institute of Metals Group 
Morning Session 9:30 am 


Chairman: R. H. Aborn, U. S. Steel Corp 


The Effect of Impurities on the Preferred Cast- 
ing Orientation of Face Centered Cubic Materials 

W. A. Tiller, Westinghouse Electric Corp 
A Filtering Method for the Study of Metallur- 
gical Liquid-to-Solid Equilibria 

L. A. Willey, ALCOA, New Kensington, Pa 
A Calorimetric Investigation of Eutectoid Re- 
actions 

J.J. Crammer, Carnegie Institute of Technology 
Abrupt Yielding of the Ductile-to-Brittle Transi- 
tion in Body-Centered-Cubic Materials 

E. T. Wessel, Westinghouse Electric Corp 


Luncheon 12:30 pm 
Afternoon Session 2 pm 


Chairman: H. T. Clark, Jones & Laughlin Steel Corp 


Improvement of High-Temperature Alloys by 
Vacuum Melting 
W. J. Pennington, Universal-Cyclops Steel 
Corp., Bridgeville, Pa 
One Pct Boron Stainless Steels 
J. A. Berger, University of Pittsburgh 
Elevated Temperature Mechanical Properties of 
a Nickel-Free Austenitic Stainless Steel 
R. R. Brady, U. S. Steel Corp., Monroeville 
Pa 
Effect of Silicon, Aluminum, Beryllium, and 
Phosphorus on the Third Stage of Tempering 
A. G. Allten, Crucible Steel Corp. of America 


National Open Hearth Steel Committee 
Morning Session 9:30 am 


Co-Chairmen: E. J. Lichy, Jones & Laughlin Steel 


Corp., and G. L. Owens, Bethlehem Steel Co 
Metallurgical Control in the Production of 
Leaded Steels 


Hearth Committee 
Metals Economic Committe the sessions of the Institute of Metal: 


Annual Off-the-Record Meeting in Pittsburgh 


and Minerals and of the JOURNAL OF MeTALS will be 


ety of Western Pennsylvania, will General chairmen of the meetin; Group, the National Open Hearth 
hold its Eleventh Annual Off-the are W. D. Doty, U. S. Steel Corp Steel Committee, the Minerals and 
Record Meeting on November 2, at and W. O. Philbrook, Carnegie Insti Metal Economic Committee and 
the Penn Sheraton Hotel, Pittsburgh tute of Technology, with D. H the Acid Open Hearth Session 
Also participating are the Coal Divi Davis, Mathies Coal Co isting a Other sessions are scheduled by the 
ion, Petroleum Subsection, Institute vice chairman Coal Division and the Petroleum 
of Metals Group, National Open Of parti ular interes to reade! Subsection 


W. D. Smith, Jones & Laughlin Steel Corp 
Aliquippa, Pa.; C. H. Weimer, Copperweld 
Steel Co., Warren, Ohio; and L. J. Trilli, In 


land Steel Co., East Chicago, Ind 
The Relation Between Manganese in the Charge 
and Sulfur Removal in the Open Hearth 
C. R. Boisture and EF. L. Scheuer, U. S. Steel 
Corp Braddock Pa and R. J. Conklin 
Wheeling Steel Corp., Steubenville, Ohio 
Mold Deoxidation of Rimmed and Mechanically 
Capped Steel 
A.C, Coulson, Wheeling Steel Corp., Steuben 
ville, Ohio; E. L. Bartolotta, U. S. Steel Corp., 
Morrisville, Pa.; E. W. Stotz, Bethlehem Steel 
Co John town Pa and A J Mac Donald, 
Weirton Steel Co., Weirton, W. Va 
The Use of Vibrating Feeders for Ferro-Alloy 
Additions 
J. W. MeGill, U. S. Steel Corp., Munhall, Pa 
and T. G. Harkins, Crucible Steel Co., Mid 
land, Pa 
The Continuous Oxygen Analyzer as an Aid to 
Operation 
S. Swaney, Jone 
Pittsburgh 


Luncheon 12:30 pm 
Afternoon Session 2 pm 


& Laughlin Steel Corp 


Co-Chairmen: D. L. Olenchuk, Jones & Laughlin 


Steel Corp., and E. A. Vierow, Youngstown Sheet 
& Tube Co 
Combustion Studies in a Scale Model Open 
Hearth 
J. H. Richards, U. S. Steel Corp 
Atomization of Fuel Oil 


“a Atomization with High Pre ire Natural Ga 
R. G. Renninger, U.S. Steel Corp 
b Jet Atomization 


Grover Nuzum, Wheeling Steel Corp 
benville, Ohio 


(Continued on page 1446) 


1956, JOURNAL OF METALS-1485 


OCTOBER 


\ 
+ 
a 
- 
| 
| 
als 
2 
3 
wie 
1 
l ) 
4 
i 


Co-Chairmen: C. 


neering Societies Personnel Service 
Ir ha 
the registration 
tie 
This resulted in some figures of in- 
terest to the engineering and scien 
tifle profs ion 


neering Societte 
ployment office was in 1918. The 
management was taken over in 1923 Of the jobs studied, 44 pct were 
salaries of 
lower; 44 pet 
from $7000-$10,000 
pet over $10,000 a year 
demand, 44 pct of the jobs, is in a who described 
only 21 pet of the ap 
Only 25 pct 


by 
ASChE 
Boards of Direction inaugurated a 
ne 
ment Service The Service was con 


fined to member 


(Continued from page 1485) 


C Metallurgical Aspects of Driven Fuel Atom- 
ization in the Open Hearth 
J. H. Richards, U. S. Steel Corp 
Recent Developments in the Use of Basic Refrac- 
tories 
LD. M. Schrader, Republic Steel Corp., Canton, 
Ohio; J. A. Cerroni, U. S. Steel Corp., Mun 
hall, Pa.; John Craig, Jones & Laughlin Steel 
Corp., Pittsburgh; and E. B. Snyder, Wheel- 
Steubenville, Ohio. 
Rapid Heating of Open Hearth Checkers after 
Rebuild 
V. W. Jone 
Ohio 


ing Steel Corp 


Armeo Steel Corp., Middletown, 


National Open Hearth Steel Committee 
Acid Open Hearth Session 9:30 am 
Funk, Alco Products Co., and 
G. E. Danner, Erie Forge & Steel Corp 
The Effect of Phosphorus and Sulfur on Impact 
Strength 
k W Boulgar 
Columbus, Oh.o 
Prepared Discussion by C. F Christopher, Blaw 
Knox Co., E. Chicago, Ind.; and P. A. Archibald, 
Baldwin-Lima-Hamilton Co., Burnham, Pa 
The Use of Basic End Walls 
J. G. Blythe, John A. Roebling'’s Sons Co., 
Trenton, N. J 


Battelle Memorial Institute, 


Minerals and Metals Economic Committee 
Morning Session 9:30 am 

Chairman: H. A. Franke, ALCOA 

] 


Synthetic Nonmetallic Minerals 


The Chicago office of the Engi 


made a study recently of 
and job opportuni 
in their current or active files 


Since the 
Chicago 


registered 
The first joint effort of the Eng 
to establish an em ing new or 
register with 
the Founder Societies, AIME at 
ASME, and AIEE, and the 
Employ 


w policy respecting the 


of the four Nation range where 


financial support 
were later established in San Fran- 
cisco, Detroit, and Boston 
the 
the 


firs 
office 

avereged bette 
half job opportunities for every man 
This indicates 
the ideal time for any person seek 
employment to 
the Chicago office 


tS 


Chairman: C 


N 


H. R. Shell, Bureau of Mines, Norris, Tenn 
Use of Nonmetallic Minerals by Industry 

R. D. Thomson, Bureau of Mines, Pittsburgh 
New Processes in Steel Making 

D. F. McBride, U. S. Steel Corp., Pittsburgh 
Description of the Columbia Falls, Montana, 
Aluminum Reduction Plant of Anaconda Alu- 
minum Co. 

J. F. Smith, Anaconda Alurminum Co 


Luncheon 12:30 pm 

Afternoon Session 2 pm 

F. McCabe, Carnegie Institute of Tech- 

nology 

Problems in Abatement of Metallurgical Fume 
Richard Engdahl, Battelle Memorial Institute 
Columbus, Ohio 

Recent Developments in Extractive Metallurgy 


F. W. Coffer, Battelle Memorial Institute, 
Columbus, Ohio pa 
Economic Consideration. in Liquid Waste Dis- 


posal 
McCloyd Snauley, Battelle Memorial Institute 
Columbus, Ohio 

SO, Distribution in Flash and Fluid Roaster 

Gases 
R. G 
Pa 


Redelfs, St. Joseph Lead Co., Monaca 


Suppliers’ Cocktail Party 5:45 pm 
Fellowship Dinner 7 pm 


Toastmaster: N. K. Flint 


Presentation—F. L. Toy Award 
Student Prize Paper Award 


Dinner Speaker: Perry E. Gresham, president 


ESPS Chicago Office Reports on Employment 
Picture as Seen by Personnel Service 


Other 


year, 
The heaviest 


ESPS has 12, at the Bra 
two and one 


Bethany College 


Powder Metallurgy 
Group Meeting 


branches 
The Powder Metallurgy Group of 


‘tthe New York Section, AIME, met 
Wednesday evening, September 
Rail Restaurant on 
A panel dis- 


ubject of 


year, the on 


Fifth Avenue in N. Y 
cussion was held on the 
Finishing and Secondary Operations 
on Metal Powder Part The first 
peaker was Joseph Bonanno, chief 
engineer, Lione! Corp who di 

cussed plating, blackening, painting, 
and welding of parts produced by 


that it is 


year and 


salaries ranging powder metallurgy technique He 
and 12 was followed by Bradford Horton 
staff engineer, Pitney-Bowe Inc 


impregnating, heat 
treating, and machining of powder! 
metallurgy part R. P. Seelig, con 


al Societies and cooperating organi plicants are available : 
zations until 1929, when it was felt of the employers still expect the cluding peaker described the 
that more effective service could be applicant to pay own fee chromizing operation. Mr. Seelig 1 


rendered by 
member 
were oon established 
the country 
opened in 1925 and administered by 
representatives from the 
the Founder Societie 
cooperation with the Western So 
ciety of Engineers, which also gave 
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offering it to non Taking the 
at a higher charge. Offices 
throughout 
The Chicago office was of Director 
ections of Pays Fee 


in Chicago, in 


omple te 


sideration, the 
ESPS requested the 


conversion to the 


granted, and: by 
published the 


above figures into con 
Chicago 
National Board 
to grant permission for 
100 pet Employer 

Approval wa 
time this is 
conversion will be 


executive Vice president of the 
Chromalloy Corp 

Kempton H. Roll, Executive Sec« 
retary of the Metal Powder Assn 
served as chairman of the meeting 
This was the first meeting of the 
1956-57 season for the Powder Met- 
alilurgy Group of the N. Y. Section 
eacn yeal 


office of 


which meets four time 


Engineering Foundation 
Grants Research Funds 


The following cash grants have 
been approved by the AIME Com- 
and the 


mittee on Research Engi- 
neering Foundation for research 
studies, in the year ending Sept. 30, 
1957: J. L. Gregg, Alloys of Iron Re- 


Membership Award 


In order to give greater recogni- 
tion to members who have gone all- 
out by securing 50 membership ap- 
plications, a special award has been 


designed 

The award will be a 14kt gold tie 
clasp utilizing the present design of 
the 


pin awards 


search—$5,000; V. Paschkis, Heat A th mbera are 
Flow in Quenching 2,000; Morris wy ary 
Cohen, Diffusion in Steel—$2,500 eligible for the award, Cloyd Henline 
D. W. Fuerstenau, Comminution and Robert Moscrip, III 
$2,000: R. M. Burns, Corrosion Re- Mr. Car! Reistle, Jr., pre: ident of 
earch Council—$3,000: M. Simnad AIME, will present these awards at 
Surface Diffusion of Metal $3,000: the all-AIME session in New Orleans 
A. M. Gaudin, Thickening and Thick- on Tuesday, February 26 
eners—$2,500; A. W. Huff, Effect of It is fervently hoped that the 
Strain Waves in Blasting—$1,500; gentlemen will be in attendance and 
St. Louis Cathedral is one of the landmarks William L. Donn, Storm Surges that others shall join their ranks as 


$2,000 the Annual Meeting approaches 


AIME members can visit in New Orleans 


AIME 1957 ANNUAL MEETING 


Plans for the 1957 AIME Annual Meeting are progressing nicely. Scheduled for February 24-28, 
at the Roosevelt and Jung Hotels in New Orleans, the meeting will feature technical sessions and 
symposiums as well as luncheons and a banquet. Metals Branch headquarters will be at the Jung 
Hotel. Members who plan to attend should make arrangements early. For details and registration 
blank see page 1112A, August JOURNAL OF METALS 


TWO SESSIONS ADDED TO IMD FALL MEETING IN CLEVELAND 


will be because of limitation By 


[wo additional technical sessions and Phase Transformations pace 
have been scheduled for the IMD held on Wednesday afternoon cheduling additional session in 
Fall Meeting in Cleveland. The ad- One of the principal reasons for October 1956, a delay of a year can 
ditional session on Mechanical Prop- adding sessions to the Fall Meeting be avoided in presenting recently 
ertu vill be held at Hotel Carter program the fact that the IMD approved paper 
on Wednesday morning, October 10 program at the Annual Meeting in Paper cheduled for these two 
and the ‘ ion on Alloy System February will be greatly curtailed ‘ ions are listed below 


WEDNESDAY, OCTOBER 10 


9.00 to 10.30 am, English Room Sigma Phase in Certain Ternary Systems With 
Vanadium: J. B. Darby, Jr., and P. A. Beck, Uni 
Research Summaries—Mechanical Properties ty of 
versity Oo Inol 
Lt Seigle and M. Gensamer, Chsinmen Constitution of Nickel-Rich Quinary Alloys in the 
Tensile Deformation of Silver as a Function oO} Sustem Ni-Fe-Cr-Ti-Al: A. Taylor. We tinghouse 
Temperature, Strain Rate, and Grain Size: R. P Electrie Corp 
Carreker, Jr., General Electrie Co Some Aspects of Alloying Onto Germanium Sur 
Prot Fatigue Study of an Aircraft Steel in the Ultra face J. W. Peterson. Pacific Semiconducto: 
High Strength Range P. W. Ramsey and D. P Inc J. McGlasson, Jr.. and W. C. Hittinger, Bell 
Kedzie, A. O. Smith Corp Telephone Laboratories, Inc 
Plastic An otropy of Zinc Monocrystal J. J. Gil Electrical Resistance Study of the Effects of Oxygen 
man, General Electric Co. JOURNAL OF METALS on the Allotropic Transformation of Titanium 
October 1956 ’ L. A. DePue and E. J. Chapin, Naval Research 
Constant Strain Rate Bend Tests on Hydrogen Em- l shoratory 
hrittled High Strength Steel W Jeck, Naval Alr Central Reg on of the Ma Zn Phase Diagram 2: 
Material Center; G. Sachs, and E. P. Klier, Syra- Clark, Dow Chemical Co., and F. N. Rhines, Car 
cuse University. JOURNAL OF METALS, October 1956 nevie Institute of Technology 
En 0 tle ment OJ l -Al Alloy ore the Range From Magnetic Method for the Mea urement of Precip 
6 to 10 Pet Al: F. A. Crossley and W. F. Carew tate Particle Sizes ina Cu-Co Alloy: J. J. Becker 
Armou! Re earch Foundation General Flectric Co 
2:00 to 5-00 pm, English Room Titanium-Rich Corner f the Ti-Si System F. A 
Crossley, Armour Research Foundation, and D. H 
Research Summaries—Alloy Systems & Turner. Titanium Metals Corp. of America 
Phase Transformations On the Kinetics of the Pearlite Reaction: J. W 
Smith and C Carapella, Jr, Chairmen Cahn, General Electric Co 
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BOOKS 


MEMBERS, ORDER BOOKS LISTED 
BELOW THROUGH AIME—Address 
Irene K. Sharp, Book Department. Ten 
pct discount given whenever possible 


Engineering in History, by KS 


Kirby, S. Withington, A. B. Darling, 


F. G. Kilgour McGraw-Hill Book 
Co $4.50, 530 pp 1956 The com 
bined efforts of engineers and hi 
torians have produced this survey of 
engineering from 6000 BC. to the 
present which 1 a general in 
troduction to the subject rather than 
a definitive history 


Resistance Welding, Theory and Use, 
by Resistance Welding Committe 
American Welding Society Rein 
hold Publishing Corp., $4.50, 155 pp., 
1956.-Full details are presented on 
resistance welding from a statement 
of basic principlk 


inspection, and testing 


through process« 
including 
uch new developments as slope con 


trol and the welding of aluminum 


Modern Chemical Processes, Vol. 4, 
by the Editors of Industrial & En 
vyineering Chemistry. Reinhold Pub 
$5.00, 202 pp., 1956 

American chemi 
book 


industrial chemist 


lishing Corp 
Thi inventory of 

technology is a reference 
for the practicing 
the chemical engineer and the ad 
tudent in these flelds. Nine 


chemical 


vanced 
teen recently cle veloped 
processes now in operation are de 
to background, details of 


‘ 
pl int instaile tion proce and oper 


cribed a 
ation of plat ’ econome of pro 
‘ personnel, and future prospect 
including technological 


ment of the proce 


improve 


for 


FLUORIDE 
OXIDE 
HYDRATE 


METALLURGICAL 
APPLICATIONS 


Phase Diagrams for Ceramists, by 
Ernest M. Levin, Howard F. McMur- 
die, and F. P. Hall, The American 
Society, $10.00, 286 pp., 
1956.—Over 800 diagrams are classi- 
fied in the following group metal 

containing 
ystems con- 
ulfides, ete., and 
water-containing Source 
of the diagrams are indicated, and 
indexes by authors and constituent 
or materials are provided. An 
introductory section includes defini 
elected bibliography, and a 
general discussion and interpreta- 
tion of phase diagrams 


Cera 


oxide ystems, system 
non-metallic oxide 
taining halides 


systems 


oxide 


tion a 


The Electrolytic and Chemical Pol- 
ishing of Metals in Research and 
Industry, by W. J. McG. Tegart, 
Pergamon Press Inc., $4.50, 129 pp., 
1956.—-This concise critical summary 
of the mechanism of electrolytic 
polishing and its applications in in- 
dustry and research gives practical 
information on apparatus, solutions, 
methods for polishing specific metals, 
and precautions to be taken in utiliz- 
ing the proce Separate sections 
deal with finishing, machining, sur- 
face preparation, and electroplating 


High Temperature Technology, ed 
ited by lL. E. Campbell, John Wiley & 
Sons, $15.00, 526 pp., 1956.—The con- 
tributions of 35 experts are arranged 
in four the development of 
refractori and high-temperature 
materials; methods; and 
treatment of 
metallic materials is brief, but sin- 
methods are considered at 
and both conventional and 
novel furnace types are described 
Specialized mechanical and physical 
property tests, high-tempera- 
ture optical and X-ray techniques 
ed in the section on meas- 


sections 


technique 
measurement The 


tering 


are diseu 
urement 


RARE EARTHS 


Additional 
information 
on request 
— gladly! 


PARE EARTHS 


INC. 


BOX 488 @ POMPTON PLAINS, NEW JERSEY 
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Symposium on Metallic Materials for 
Service at Temperatures Above 
1600°F., ASTM Special Technical 
Publication No. 174, American Soci- 
ety for Testing Materials, $3.50, 193 
pp., 1956.—The 14 papers included 
deal with the properties, testing, and 
applications of a variety of mate- 
rials: nimonic alloys; Inconel 700; 
molybdenum alloys; cermets; car- 
bides; chromium-nickel alloys; zir- 
conium coatings, ete. References are 
listed after most of the papers 


Resistance of Materials, by F. B 
Seely and J. O. Smith, John Wiley & 
Sons Inc., $6.50, 454 pp. 4th ed., 
1956.—-Revision of a book originally 
published in 1925 and intended for 
use as a text, this work now features 
newer and more realistic approaches 
to the problems of complex stresses 
and combined loads 


The Surface Treatment and Finish- 
ing of Aluminium and its Alloys, by 
S. Wernick and R. Pinner, Robert 
Draper Ltd., $12.00, 542 pp., 1956 
This work brings together all the 
available processe for use on 
aluminum, including discussions of 
theory and references which will be 
of use to specialists. The attention of 
engineers is particularly directed to 
sections dealing with corrosion of 
aluminum, classification of alloy 
and selection of alloy in relation to 
the finish required 


Oxygen in Iron and Steel Making, 
by J. A. Charl W. J. B. Chater 
and J. L. Harrison 
Publisher Ine $6.50 291 pp 
1956.—This book aims at a clear a 
essment of the various oxygen ap 
plications to be made, by presenting 
a critical review of information al 
ready published and the results of 
new trials hitherto unavailable. The 
ubject is discussed in three part 
treatment of the molten metal with 
oxygen, blast enrichment in solid 
fuel combustion, and flame enrich 
ment 


Interscience 


Professional Engineers’ Examination 
Questions and Answers, by Wm. 5 
LaLonde, McGraw-Hill Book Co 
$6.50, 350 pp., 1956 Over 500 que 
tions and answers selected from ac 
tual examinations, designed to assist 
candidates in their preparation for 
Engineer-in-Training Certificate or 
Professional Engineer or Land Sur- 
veyor License: 


Metallurgical Thermochemistry, by 
O. Kubaschewski and E. LL. Evan 

John Wiley & Sons, $10.00, 410 pp 

2nd ed. 1956.—This expanded and 
corrected monograph intended for 
research workers and process metal- 
lurgists concentrate on chemical 
thermodynamic theory in reaction 
problems, experimental technique 

for determining thermochemical 
data, values of thermochemical con 
stants, and practical application of 
thermochemical methods 


(Continued on page 1490) 


Report On Education 


The education committee of 
AIME’s Minnesota section has i 
sued a report on its 1956 progran 


Continuing a practice begun in 1952 


by W. R. Van Slyke, the committee’: 
activities were designed to stimu- 
late and foster the interest of Min 


nesota high school students in min 
eral industry careers 
Questionnaires to determine the 
interest of each school in a visit 
from an _ industry representative 
were dispatched to 158 public and 


paro hial high schools throughout 
the state. Despite the inclusion of 
reply forms and_= stamped, elf 
addressed envelopes, however, only 


78 responded 
tricted to students in 
capable of higher 
education were arranged at 44 
and packets containing data 
cholarships, etc., were 
additional institution 
onal visits were impo 
principal feature of the 
was a talk given by 
upported by 
lata on en 
demonstra 


school 


Meetings re 
terested in and 


school 
on curricula, 
sent to 14 
where per 
ible. The 
actual meeting 
a practicing 
booklets and pamphlet 
gineering and 


engineer 


choo! 


tions of some of the interesting oper 
ations of the industry, A total of 
1617 students attended, of which 643 
were ufficiently interested to re 


quest additional information 


Despite the difficulties of making 


a realistic appraisal of the pro 
gram’s value, the committee felt that 
the increased percentage of student 
howing greater than average inte! 


est indicates some measure of suc 
cess for its effort 
A recognition of the 


over the year 
fact that the 


emphas! on upperclassmen and 
students who have already demon 
trated a bent for engineering in 

pose a eriou limitation on the 


program potential  effectivene 


prompted the committee to recon 
mend several new approache Wider 
us¢ of demonstration movie and 
supporting literature, as well as di 
rect talk with ounget tudent 
and community groups, have been 
igpe ted a mean of contacting 
more potential mining engineer 
The committee also recommended 


concerted efforts on the part of min 


ing companies to encourage summe 
employment for interested student 
and to stre more forcefully the 
benefits accruing from a career in 
the mineral industry 


uggested 


onclusion 
the possible value of a full time di 


eetor it activitie Should the 
ponsoring mining companies deen 
in expanded program necessary and 
vyorthwhile, the committee recon 

mends for their consideration a pol 
icy which would encourage better 
and extended courses in science and 
mathematics in preparatory school 

and rewards to practicing mineral 


iginee! which would be enticing 


generation 


CEC's new 300 to 1000 pound vacuum induction melting furnace 


Get a vacuum furnace 


that grows with your needs 


Save costly alterations, or the pur 
hase of another furnace, when your 
requirements change. Make sure you 
get th featur 


Flexible capacity. I:xpand the fur 


nace bast 300- pound apacity to as 


much as 1000 pounds simply | 
changing the crucible-coil 

Add an int 
harging a m! ly ana 
much as 3000 pounds of metal with 


out pi aking Vacuum 


Flexible pumping system. 


Add a 
pump, or switch to larget 


id 


at loubl trip! even qua 


Flexible casting. (ast a 
mall on add ich 


hot-topping equiy 


ady provid 


mold or many 
al as al 


ment in port alr 


NATIONWIDE 


Consolidated Electrodynamics 
Rochester Division, Rochester 3, N. Y. 


COMPANY-OWNED SALE 


Flexible accessories. A!! necessary 


accommodations for a sampler, im 


optical sight 


mersion thermocoupl 


throttling valve, in 


tuly vacuum 

terlock valve for charg iddition, of 

any other acce ories you wanttoadd 
bor more details on this flexible 

CEC induction melung furnace send 

for Bulletin 4-35 


Pumping systems are interchangeable l or 2 


K5S.2000 (shown here), | of 2 KS-4000, oF one 
K5-16,000 


formerly Consolidated Vacuum 


AND EFRVICE OFFICES 
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oe 
| 
the pumping system's speed and 
capacity 


AROUND THE SECTIONS 


© The Connecticut Section held its Skt 


rat meeting if the 1956-57 year on 


September 25, with a paper on Fac 
to iflect ng the Propert ‘ of Sin 
tered Structural Part by Carl G 
Johnson, featured. Plans for the re 
mainder of the ear include a No 
vermber 27 meeting Bridgeport 

th W \ Suckofen of MIT peak 
ing of Vechanica Metallurgy; a 
January 22 session in New Haven on 
Neu Developme nt of Copper Al- 

7 by D K (ran pton of Chase 
ira & Copper Co; and one in 
Waterbury on March 26 with P. C 
in Universal yclop Stee] 


Corp. discussing Metallurgical As 
pect of Vacuun 

e When the St. Louis Section held 
their dinner-meeting in the Hotel 
York on September 14, the featured 


A prospector searches for uranium ore with 
pick and geiger counter in this scene from 


peaker was Frank C. Mansfield, gen 
eral superintendent, Madison Div.. the film, The Petrified River 
Dov Chemical Co Mr Man field The Petrified River, a 28 min, 16 


mm sound film on the peaceful uses 
formerly director of industrial ré of uranium, is available from Mod- 
lations for Emerson Electric & Man ern Talking Picture Service. Union 
Carbide & Carbon Corp., which 
made this color film, is offering free 
loan prints for group showings to 


vho has practiced law and wa 


ufacturing Co., reviewed the change 
in labor relations and their impact 


on management and the public 

: business and professional societies, 
® The El Paso Metals Section met on service clubs, and other adult or- 
September 12, in the Mirror Room ganizations. To obtain your pririt, 
Hotel Cortez. Fe ature d speaker at write to Modern Talking Picture 
the dinner was R. T. Savage, research Service Inc., 3 East 54th St.. N. Y. 
engineer, who discussed Petroleum 22, specifying first choice of play- 
Ref ning at the El Paso Refinery of date and at least one alternative 
the Standard Oil Co. of Tera date. 


The Metallurgical Society of AIME 
Continued from page 1433 
Thu progr report of the Study Committee for Impl mentation 
of the Long-Range Plan appeared in Jounna or August 
1956. The sections given here and on page 1433 are those which 
pertain to the proposed Societies of AIMI 


will be implemented 
f the ‘ et 


IN 

will be implemented ~ 
Hylaws 
ab The tee recommends 
tes take t 
, ‘ MI 
See 
gf 
‘pt (10. Meetings 
Initiation Bees and Dues 
implementation 
is Impossible 

a) f ‘ is be 

d is beyond the scope ing implemented | att 

t 


Finances 


recommends 


recommended tt ‘ tent 


Mr 


1490-JOURNAL OF METALS, OCTOBER 1956 


(Continued from page 1488) 


Recommended Equipment and Pro- 
cedures for the Palletized Loading 
and Shipment of Refractory Products, 
The Refractories Institute. $1.50, 47 


pp., 1956 


Bibliography of Hardness and Hard- 
ness Testing, 1937-1955, Industrial 
Diamond Information Bureau De 
1956.—Articles on hardne and hard- 
ness testing are listed, arranged by 
year of publication ince 1937. Also 
included are a list of standard text 
and one of national standard 


Ten Year Index to Corrosion, 1945- 
1954, compiled by Norman E. Ham 
ner and J. F. Van de Henst, Jr 
National Association of Corrosion 
Engineer $7.50, 32 pp., 1956 Thi 
contains a ubject index of 4000 
reference listings and an author in- 
dex of 1056 names, each alphabetic- 
ally arranged 


A complete English translation 
of the Soviet journal Metal- 


lurgist and ten reports on ap 
pli ation of radioactivity in 
metallurgy by Soviet metallur- 


gists have been published by 


Consultant Bureau The jour- 
nal } available on a yearly 
ubscription basis at the rate 
of $95.00 per year 

The ten report including 
translation of ill photo 
graphic, tabular, and graph 
material may be had for 


$75.00, or individually at the 
rate of $12.50 each. They are 

Role of Refractory Linings of 
Steel Pouring Equipment in the 
Contamination of Steel by 
Nonmetallic Inclusions; Inves 
tigation of Mixing Processes in 
Open Hearth Furnace Baths 
by Means of Radioactive Iso 
topes; Kinetics of the Transfer 
of Sulfur from Pig Iron to Slag 
CaO0-ALO. Type; Investigation 
of Non-Metallic Inclusions by 
Radiography; An_ Isotope-Ex- 
change Method of Measuring 
the Evaporation Rate and the 
Diffusion Coefficient of Metals; 
Methods of Studying Diffusion 
with Radioactive Isotopes; Use 
of Radioactive Isotopes in In 
vestigating Cutting-Tool Wear; 
lonization Methods for Detect 
ing Defects in Thick Sections 
of Metals by »-Rays; Measur 
ing Thickness and Density by 
Means of Radioactive Isotopes; 
An Experiment in the Use of 
Isotopes for Branding Rolled 
Steel. 


| 
| 
| 


Personnel Service 
(Continued from page 1426) 


Metallurgist, young, for educa 
tional and promotional type of work 
for trade association Will prepare 
article and present pape! Some 
travel. Salary, $6000 to $8500 a yea! 
Headquarters, New York. W3815 


Research Supervisor, metallurgist, 
to perform and supervise research 


in the field of high temperature ma 
terial Experience should be such 
that the man chosen could direct 
the efforts of a small research group 
Areas of research include tudy and 
development of high temperature 
alloy tude of cree p and relaxa 
tion behavior determination of 
properti and specification of ma 


terial for high temperature use 
Salary, from $10,000 a year depend 
ing on experience, Location, upstate 


York. W3802 


New 


Metallurgical Engineer, over 35, 
B.S., with ten years diversified met- 
allurgical experience and knowledge 


of foundry, welding, and other met 
allurgical function As technical 
observer will attend conferences, 

ymposiums, etc., and visit indus- 


trial concerns to keep abreast of 
latest European technical develop 
ments. Salary, to $10,000 and over 
eas differential traveling expenses 
for family and possessions. Initial 
assignment two yeal Location, 
Holland. Employer will pay place 
ment fee, C5453 


when you need 
LITERATURE SEARCHES 
TRANSLATIONS 
BOOKS ON LOAN 
PHOTOPRINTS 
MICROFILM 
why not contact... 
The Engineering Societies 
Library 


33 West 39th Street 
New York 18, N. Y. 


Please send me information 
pamphlet on services available, 
how air mail can expedite 
them, and their cost 


Name 
Street 
City 
State 


FRANKEL DEPENDABILITY 
SAVES MONEY FOR YOU! 


NICKEL * MONEL * INCONEL * COBALT 
NICKEL CHROME ALLOYS + TITANIUM 
STAINLESS STEEL * JET ALLOYS 


Because Frankel is specifically equipped for the 
job . . . dependability is more than a word at 
Frankel Company, it is a way of life. It is a system 
that can provide you with secondary alloys, equal 
in every way to ingots but considerably lower in 


cost 


Let Frankel Company, a name synonymous with 


‘quality converters’’, help your profit picture with 


specification controlled secondary alloys 


You are assured of a scientifically graded product 
guaranteed analysis uniform packaging 
ready for direct charging without further 


preparation 


Write, phone or wire for detailed information today 


FRANKEL COMPANY, INC 


19300 FILER AVENUE DETROIT, MICHIGAN, USA 
FOrest 6-3510 
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The t Chamber of Commerce ha 
immmounced the following appoint 
nent to it 1956-57 Natural Re 
ources Committee: Frank E. MeCas 
lin, president, Portland Cement Co 
is chairman, David L. Franeis, presi 
dent, Prine Elkhorn Coa! Co., 
George A. Lamb, busine urvey 
manager Pitt burgh Consolidation 
Coal Co.,, and Harry LaViers, presi 
dent, South-East Coal Co repre 
ent the coal industry; William 8. 
Cumings, Mining Div Bethlehem 


Steel Co, Endicott R. Lovell, pres: 
dent, Calumet & Hecla In Frank 
lin G. Pardee, president Lake 
Superior Iron Ore Assn., L. J. Ran 
dall, president, Hecla Mining Co 
and O. A. Rockwell, vice president 
Co represent 
the minerals and metals industric 

Fred W. Bartlett, production direc 
tor, Socony Mobil Oil Co.—repre 
ents the oil and gas producers; and 
Harold H. Christy, The Colorado 
Fuel & lron Corp.—represent 
water supply, flood control, and ree 


lamation 


Rolf Weil ha been named a istant 
department of metallurgy, 
Institute of Technology, 


Hoboken, N. J 


professor 


steven 


John B. Seastone is director of the 
technical division, Olin Mathieson 
Chemical Corp. with offices in New 
Hlaven, Conn. He had been research 
ind development manager of the 
compat metals division 


Ora Clark has been named general 
iperintendent of all operations at 
the Middletown Work Armeo Steel 


Corp., Middletown, Ohio 


O. CLARK 


Herbert B. Michaelson has been ap 


pointed associate editor of the new 
IBM Journal of Research and Devel 
opment He joins IBM after ten vears 


of service in the technical informa 
ion of Sylvania Electronic 


Energy Div., Bayside, N. J 


tion divi 
\tomu 
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C. H. LORIG 

Carl D. Post, ASM nominating com 
mittee chairman, has announced the 
1956-1957 slate. Nominated for pres 
ident is Donald S. Clark, professor 
of mechanical engineering, Califor 
nia Institute of Technology, while 
George M. Young, The Aluminum 
Co. of Canada, has been named for 
the vice-presidency. C. H. Lorig, a 

istant director Jattelle Memorial 


treasure! 


Institute 


board 
Schaefer, retirins 


A. Fisher, Jr., 


Co 


C. E. SWARTZ 


will serv 
New ap 
of trustes 


« another term as 
pointments to the 
include A. O. 
president, George 
International Nickel 


and Carl E. Swartz, consulting 


metallurgist 


A. N. Holden will manage metal 
lurgy for General Electric Co.'s new 
Vallecito Laboratory at 
Pleasanton, Calif A member of 
ASM and the American Nuclear So 
ciety, Mr. Holden is 1953 recipient 
of the AIME Rossiter Raymond 


Aw 
Ww. 


pecial repre 
programs, 
of Canada 
mary, 


Dr 


nici 
and 


in 


ard 


A. 


Mudge has been appointed 
entative on educational 
International Nickel Co 


Ltd 


hac 


il Service 


Re 
it d 
1920 


earch 


INCO 


and its U.S 
International 
Mudge 


1 be 

Sect 
Div 
re 


ubsid 
Nickel Co. Ine 
en director, Tech 
Development 
1947 He 
earch department 


ion 


Ince 


Walter Bonsack recently joined the 
staff of William F. Jobbins Inc 
Aurora, Ill, as a special metallurg) 


cal consultant and sales engineer in 
the West Coast area. While working 
for the National Smelting Co. in 
Cleveland, he developed a series of 
new alloys for pistons. His research 
tudy The Effect of Minor Alloy ng 
Elements on the Properties of Alum- 
imum Casting Alloys, won him the 
coveted Dudley Gold Medal, pre- 
ented yearly for the most out- 


tanding contribution to engineering 
Mr. Bonsack has held office in AIME 
ASTM, and ASM 


Dwight L. Harris, formerly in the 
Mining and Metallurgy Dept. at the 
University of Wisconsin, 1} now 
research metallurgist American 


Chrome Co., Nye, Mont 


Eugene M. Benson and Joseph F. 
Hammond have joined the staff of 
Union Carbide Nuclear Co Oak 
Ridge atomic energy operations a 
metallurgist 

Clemens C. Sutinen has left the 
Welded Carbide Tool Co. Inc. to be 
come technical sales engineer with 
the Powder Metallurgy Equipment 


mann-Meer Engineet 
Easton, Pa 


Div., Manne 
ing & Construction Co., 


Jack C. Bokros is research enginee! 


Atomic International Div. of North 
American Aviation, Canoga Park 
Calif 


of five 
of Min 


Robert W. Sandelin, holder 
degrees from the University 


nesota, has recently graduated from 
the Birmingham School of Law. Al 
though his major occupation that 
of chief metallurgist, Connors Steel 
Div., H. K. Porter Co. In Dr 
Sandelin also finds time to instruct 
evening classes in metallurgy at the 


University of Alabama's Extension 


R. W. SANDELIN 


Div. His recent achievement enable 
him to place the Alabama Bar and 
the Birmingham Bar Association 
among the to which 
he belong a list including AIME 
ASM, ASTM, and the Iron and Stee! 
Institute in London 


organization 


| 
4 


W. WILSON 


William Wilson ha taken oan the 


He was forme Ipel or of met 
irgy at Ekco Products Co 

Frank W. Glaser, recent), appointed 

lirector of Mercast Ltd. y Il repre 


lirector! of? 


R. D. Weber ha 


Louis J. Rohl ha 


president ind chief metallu cal 


engineer, United Stats Steel Co p 


Ralph A. Clark, inager of foundry 
ervice, Electro Met , 

ne vA ‘ ited the cor pat Cle 
land office 


w od Ke, Noted for low gas and low carbon content, this 
00d-Ridge N. J 
metal is a “must” for vacuum and air melting manu 

K. ©. Vincent director of the 
Mit facture of high temperature alloys, where high purity 


eral Products Div.. Food Mac hinery chromium is required. Available in lump 98 and 99% 


and Chemica Corp., Newark, Calif » minimum Cr 


minimum Cr grades, and in powder 98 


Thomas L. Hurst hao oined the Re 


grade. 


earch Dept Mor into Chemica 

Co., Everett. Ma He had been rr ; 

group leader atthe Alloys of Chromium for 
*hosphate ) Columbia, Ten; 

Frank B. Fargo has left Laclede Experimental Purposes 


Christy Co., to become district le 


i! | ‘ No tl he 

in Calif ind Denver Fire Clay 

Denver 

J. M. Williams iid dll ie Write for specifications and descriptive literature. 


and development Purbine Par 

Utica, N. Y. He had been wit} Metal 

& Controls Cory \ttleboro, Ma 


Alfonso Merlini is at the Unive ty CORPORATION a 
of Cal fornia ineral] research, iat 1 
orator n Berkels ha ' eft the 

Conse! Natio Ars West Boulevard, Newfield, New 
Metie: n Pa 
Alfred S. Keh 


Research Lat I S Steel Corp 
Monroeville, Pa 


— 
| | | 
4 
q 
j 
: 
| \ ait 
| | 
Briti company | 
| na resigned h po 
tior ith Enfield Rollin Mill 
Middle Er ‘nd, to become pro 
duction engineer A. B. Svenska 
Metallverken. Va tera Sweder ut “ 
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Jose Capmany, industrial and con Harold K. Work and Harold Margo- 
ilting engineer, is now located at lin have been given new posts on 
Altos Hornos de Catalufia, Bailen | the New York University faculty 
jJarcelona, Spain Dr. Work is now professor of re 
earch management in addition to 


Henry A. Tuttle and G. E. Noakes hi 


presented a technical paper on the 


duties as research division direc 


tor, College of Engineering Dr 
ise of radioactivity for the control Marvolit 
Vargoiun 


associate professor of 
testing of automotive material 


the SAE immer meeting. The 
) emphasized Ford Motor Co COR 


mar enerey a an ill istra 


metallurgical engineering 


Allison, Jr., has joined Linde 
Air Products, Cleveland 


tion  aton industrial value 


Christopher J. B. Fincham has r« Donald H. McIntosh, superintendent 
igned as lecturer in the metallurgi Western Research Section, American 
il engineering department, Univer Smelting & Refining Co., has been 
of Toronto, to work as physical transferred from Salt Lake City to 
National Research Corp the company offices in El Paso, 
bridge, Ma Texa 
C. R. McCULLOUGH 
C. Rogers MeCullough has been ap 
pointed deputy director for hazard 
evaluation in the AEC’s Division of 
Civilian Application Dr McCul 
lough will direct the work of devel 
oping criteria and standards for the 


JPL...AN ESTABLISHED CENTER OF 


GUIDED MISSILE RESEARCH AND DEVELOPMENT 


afe design and operation of atomic 
reactors and other nuclear facilitie 


R. W. Diamond has accepted the 
presidency of the Sixth Common 
wealth Mining and Metallurgical 
Congre to meet in Canada next 
year. His duties will be to direct a 
nation-wide organization appointed 
to plan and prepare for the confer 
ence. Among the plans already laid 

a cross-country inspection tour of 
Canadian mining operation Con 
gre meetin will be held in eight 
citie tarting in Vancouver, B. C 
on September &, 1957 


Harold W. Paxton, assistant pro 
fessor of metallurgical engineering 
at Carnegie Institute of Technology, 
Pittsburgh, is currently engaged in 
research on columbium. Sponsored 
by General Electric Co., the research 
program promises to prove valuable 
in the high temperature field. Thi 
metal may be the secret to even 
As a respected nucleus of scientific research and development faster supersonic speeds 
the Jet Propulsion Laboratory's prime objective is to obtain basi 
information in the sciences related to missile development Its 
program also includes fundamental research in most of the 
ph il Sc 
hie work it sa search for new propellants and 
new material arecl the investigation of basi« concepts ind pro 
esses in both chemical and nuclear propulsion 
Exceptional opportunities for original research under ideal 
wi rking conditions have resulted in an eflective group of scien 


tist ind engineers devoted to the atta k on problems of the frotuore 


JO8 OPPORTUNITIES NOW AVAILABLE FOR 


Write today for further information 


F. TOWELL, JR 


Frederick T ll, Jr., is with Ande 

JET PROPULSION LABORATORY | Mining Ge. Petrerttie 

: e was formerly witl “hile 

A DIVISIOM OF CALIFORNIA IMSTITUTE OF TECHNOLOGY Ge 
PASADENA, CALIFORNIA Chile 
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Correction 
item in JOURNAL OF MeETAI 
age 874 concerning A. T. Cape 
incorrect. Mr. Cape has beer 
iated with Coast Metais In 
21 year and nm association 


Raymond Equi pme ont Corp 


Model 2400A Desk Type Metallograph 


Complete Operation 
sitting Position 
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Me 


Model 2400P Desk Type Metallograph 
Added Features 


tallographs 


( )ptical ne complete information 


OCTOBER 1956, JOURNAL OF METALS 


1495 


ae 


MEMBERSHIP 
Proposed for Membershiy / 
For CONTROL and RESEARCH 
t e48 St id t As 
odd 
A. C. Brinks R. H. Dickson a 4 
R D R. B. Fulton, T. D. Jones, 
Rolle, F.T O.B J 
McQ ston j 4 RR. Lytle & 
The Institute desires to extend its p 
‘ to « pe t it can be of é 
‘ ed t ‘ ti list $ pos 
‘ ed inf the Secre 4 
fice if es of peopl « found 
‘ n to be unqualified for AIME . a : 
‘ ershiy ~ 
if i, Chihuahua, Mexico = 
Just en. ¢ La Angeles 
Robert Houst« \ 
KB. Fishe Columt Ohio 
He Gue en, N. J 
Hobert H Henke, 
Newt H. Jot n, wanda, N.Y ys 
tin Matek tah 
R Mit N. ¢ well, N. J 
edpur lia : 
Dan A. Sutch, New York Cit 
1 t De Brigard, Bogota, Colombia “4 
 ™ 
John H th, Welland, am 
Ww. it Ste Grant N M 
Alfred ¢ Wooll, Detroit 
| 
Frank G. Janney, Quality Arc Lamp 
| 
nad Prorection Svste 
Magnification 
| et) pi Rev iving Obiective 
| rret e ; su | | Filter 
| @ Multiple Photographic Eyepiece r Ball Bearin 
Shideway chat | Stave 
Ce Aug. 15, 195¢ 
B Gent Ju 1.1956 | 
1 Git Ju Polarizing Equipment 
| bo tobe 
ton T. Higs une ye | Phase Cont pment 
iw A Unk wt i 
es ¢ Pe Unknow \ ine HMumuination Pi 
‘ ‘ Aug vor iT i 
q A W ‘ Ju 19, 195¢ 4 
3 
T 
Jul 
Na ‘ 
asst ‘ ‘ ele i Ge 
' 
with ¢T.M. Reg A n Oy sl € - 
ae 


COMING EVENTS 


Oet AIMEE. NOHC Pastern Lecal Section 

fa neeting 

Oet 16-18%, AIME 
fe 


Vhysteal See 


ike, and Amer 
eont 


Mote Statler. Bost 


Oct 22-24 ASA ial meeting Ho 


Hoosevelt, New York 


Oct. 25, 16, AIME-ASME, Joint Solid 
Cenference, Sheraton Park Hotel, Washing 
tor ¢ 


Oet. 28-Nevw. 1, Bleetrechemical See., Statier 


Hotel, Cleveland 


Nev Aime Pittehurgh Lecal Section 
tLecal Section annual 
off the record meeting, William Penn Hotel, 


Pitteburgl 

New 5. AIMEE. Leeal Seetion peaker 

! J Ind Hostor 
New 5-7, CIM i Western meeting, Var 
i Va iver 

New 1-0, Steel Peunders See. of America 
j tect perating conference 
‘ te Hote Cleve d 


New 8-10, AIME, Mining Branch, Northeast 
Regional Meeting, Hotel Hershey, Hershey, 
Pa 


New. 14, AIME, NOHC HKaffale Local Section, 


snnual meeting 


New 14-15. Investment Casting Inet 
herat Cadillac Hotel, Detroit 


New tt, AIMP 


NOHC Western Leecal See 
tien, Hodger Young Audite u Lo 


Nev AIMEE, Connecticut Leeal Section 
W \ It kofer MIT ibject 
Meet Mi Hridgeport, Con 


Dee 5-3, AIMEE, Electric Furnace Steel Con 
ference, Hotel Morrison, Chicago 


Dee. 8-12, ATCHE annual meeting, Statler 


Hotel, Boston 


Jan 07-08, 1057, Bae ual meeting, Stat 


AIMEE Annual Meeting, 


iJ w vow Onrle 


Mar 10-16, Second Nuctear Enginerring 
and Selenece engress Convent Hall 


Mar Chicage Leecal Section, i 


Mar ¢5-70, ASM And Others, Tenth We 
‘ let t t nd Congre Pa 


i Ambassad Hote 


April 5, 6, AIMP, Pacific Southwest Mineral 
Industry Conference jevada La 
‘ Fra nd 

Cal Lun Sect He 


Apr 8-10. AIME National Open Hearth Steel 
and Blast Purnace, Coke Oven, and Kaw 
Materials Conferences, W ie Hote 
Pittsburel 


Apr. AIMEE, Pacific Northwest Regional 


Conference Mu ' 
Owe 


Apr Kegional Cenference on 
High Temperature Alleys, Hote Manger 
Clevela 


May American Ceramic See 


tatler Hote D 


May AIMP Reactive Metals Confer 


ence \ 
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At Ferro-Metals 

in South Africa, 
Lectromelt Furnace 
Equipment 


DEPENDABILITY designed and built into Lectromelt 


furnace equuipime nt accounts tor its widespre id use 


around the world. Because turnaces are often tn- 
stalled at mine mouths and other out-of-the-way 
places, they must operate with 4 minimum ot down- 


time tor re pairs. 


VERSATILITY demonstrated by Lectromelt furnaces 
throughout the past forty years makes them readily 
adaptable to variations in processes Experience 
gained by Lectromelt engineers on clectrothermi 


probl ms enables them to advise you on the use of 


electric-are furnaces in high temperature chemistry, 


bor this help ind for 1 COPY of Catalog No. 105, 
write Electrothermic Division, Lectromelt Furnace 
Company, 426 42nd Street, Pittsburgh 30, Pa. (a 


McGraw Electric Company Division). 


Two 7500 KVA Lectro- 
melt Furnaces with 35-inch 
self{-baking electrodes are 
employed by Verro-Metals 
on ferroalloys aud ferro- 
silicons. 


Manufactured in ENGLAND: Birlec, Ltd, Birrmngham FRANCE Stein et Paris 
trica Espanola, Bilbao 


BELGIUM. S A. Belge Stein et Roubais, Bressoux Liege SPAIN General Ele 
ITALY: Form: Stein. Genoa JAPAN au jtee! Co Ltd Nagova 


MOORE RAPID 


WHEN YOU MELT... 


4%, 
> 50,000 K.V.A 


DATA ON VOLMEX 81... 


VOLMEX. 


performs as a high volatile ingot mold coating 


when applied... 


Volmex 81 is a highly volatile ingot 
mold coating which has been tested 
and adopted by a number of steel 
plants. The charts below are based on 
actual data obtained during such trial 
runs. Because of the differing practices 
employed by various companies, we 
have included several variables. First, 
because Volmex 81 can be applied 
either dry or with water as the carrier 
spraying, swabbing or dipping are 
all practical), we have presented test 
figures on its use, both wet and dry 
Second, we have included data on a 
range of ingot mold temperatures 
from 100°F. to 700°F., and third, we 
offer for comparison the results of a 
one-hour and a three-hour time-at 
mold temperatures. No matter what 
method of application was used, 
Volmex 81 was found to repel metal 
splashes effectively before they could 
solidify and cling to the mold wall 
At the same time, enough of the 
graphite-base coating was left at the 
metal mold interface to keep the 
main body of the pour from clinging 
when it reached the point of splash, 
thus reducing surface defects. For wet 
application, Volmex 81 is easily stirred 
into suspension and remains in that 


state for hours without re-agitation 


Volmex 81 is the most volatile of the 


United States Graphite Company 
ingot mold washes. Others, in order 
of their volatility are: 90-B (non 
volatile), MEX (very little volatility), 
and VOLMEX 
than VOLMEX 81 


more extensive details or our engi- 


volatile, but less so 


Write us for 


neering staff is available for on-the- 
spot assistance. Mold spray and 
mixing equipment are ready for your 


use in tests you may want to arrange. 


(1) Wet (2) Dry (3) At varying ingot mold temperatures 


Table | Volatility of VOLMEX 81 Ingot Mold Wash 
Mold Coating Volatility Test—VOLMEX 81 
Water Application 
2.75 Ibs. powder/gal. water—Period— 1! Hour at Temperature 
300 F 500 F 700 F 
% loss after heating for | hour 743 739 5.4 
% loss on ignition at 1900 F. after 
| hour at specified temperature 16.1 144 11.3 
Total percent volatile matter 904 68.3 667 
Table 
Mold Coating Volotility Test—VOLMEX 861 
Dry Application —Period— 1! Hour at Temperature 
F 300 F 500 F 700 F 
J, loss after heating for | hour ! 4 1g 2.8 
Y, loss on ignition at 1900  F. ofter 
l hour of specified temperature 4 4 597 
Total percent volatile matter ? 61.2 60.6 59.3 
Table il! 
Mold Coating Volatility Test—VOLMEX 81 
Dry Application —Perlod— 3 Hours at Temperature 
loss after heating for 3 hours 4* 
No loss on ignition at 19 F. after 
3 hours at specified temperature 4 594 97 54 
Total percent volatile motter 404 4 574 
Y will te in the first chart which is the wet opr that the ss is all of the water contained 
plus a ght on nt of the remoair ng volotile a weight basis, the powder is about of 
the make us f you will multiply the percent loss fie s ot 1900 F. by four, you will get an idea 
of the amount of volatile which would be present for juring the pouring operotion 
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